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EXECUTIVE SUMMARY

This report, which is required annually by the Rocky Flats Cleanup Agreement (RFCA, 1996),
summarizes the groundwater compliance activities and results at the Rocky Flats Environmental
Technology Site (RFETS) for calendar year (CY) 1998. The report is presented in one volume which

contains text, tables, figures, plates and appendices.

Section 1 serves as a brief introduction to the report and summarizes the Site environmental history and
hydrogeologic setting. Section 2, Data Analysis, discusses the groundwater quality data collected in
CY98 and contains a data quality assessment regarding the precision, accuracy, representativeness,
completeness, and comparability (PARCC parameters) of analytical data. In addition, Section 2 contains
updated composite plume maps for volatile organic compounds (VOCs) and nitrate. Section 3 presents
groundwater flow conditions during CY98, and compares them to groundwater flow conditions
documented during CY96. Hydrologic conditions during calendar year 1996 are considered to represent a
sitewide baseline to be used in assessing annual changes to the groundwater flow system in the remaining
years of plant closure and post-closure monitoring. Section 4, Groundwater Evaluations, discusses the
evaluation activities that are in progress for areas of the Site having reportable concentration values or
where it is known that contaminant plumes have reached surface water. Section 5 presents a summary of
decontamination and decommissioning (D&D) activities, with respect to groundwater, that have taken
place during 1998. Section 6 presents a summary of other CY98 groundwater characterization activities
at RFETS that involved groundwater issues. Section 7 serves to outline other Groundwater Program
activities including the Well Control Program (WCP), the real time groundwater monitoring network,
1998 well abandonment and installation activities, and a summary of activities at the Present Landfill.
Section 8 presents conclusions and recommendations for future groundwater characterization activities.

Section 9 lists all references that are cited in the text of this document.

There are four appendices to this report. Appendix A consists of CY98 water level data. Appendix B
presents well hydrographs. Appendix C.1 presents 1998 borehole logs. Appendix C.2 presents 1998 well

construction logs

vii
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1.0 INTRODUCTION

This Annual Groundwater Monitoring Report summarizes the groundwater monitoring activities and
results at Rocky Flats Environmental Technology Site RFETS for calendar year 1998 (CY98), as required
in the Rocky Flats Cleanup Agreement (RFCA), and outlined in the Integrated Monitoring Plan (IMP)
(K-H, 1998a). Section 1 serves as a brief introduction to the report. Section 2 discusses the groundwater
quality data collected in CY98. Section 3 presents baseline hydrogeologic data for the recently defined
RFCA groundwater monitoring network. Section 4 discusses the groundwater evaluation activities that
are in process. Section 5 discusses Building Decontamination and Decommissioning (D&D) with respect
to groundwater issues. Sections 6 and 7 give a brief summary of pre-remedial characterization and other

activities at RFETS in CY98 that involve groundwater.

1.1 Site Description

Rocky Flats Environmental Technology Site is located 16 miles northwest of Denver in Jefferson County,
Colorado. The Site is a U.S. government-owned and contractor-operated facility that encompasses
approximately 6,550 acres of federally-owned land (Figure 1-1). Site ownership, however, does not
include surface and subsurface minerals or water rights. Site construction was initiated in 1951 and

operations were begun in 1952.

Prior to the current closure mission, RFETS was part of the nationwide nuclear weapons research,
development, and production complex. The plant produced metal components for nuclear weapons from
plutonium, uranium, beryllium, and stainless steel. Other production activities included chemical
recovery and purification of recyclable transuranic radionuclides, metal fabrication and assembly, and
related quality control functions. The plant conducted research and development programs in metallurgy,
machining, nondestructive testing, coatings, remote engineering, chemistry, and physics. Parts

manufactured at the Site were shipped offsite for final assembly.

Major plant structures, including all production buildings, are located within a centralized 400-acre
Industrial Area (IA) of the Site that is surrounded by a 6,150-acre Buffer Zone. Industrial activity
immediately adjoining the Site includes present and/or prior coal and clay mining, petroleum recovery,
natural classified-aggregate quarrying, and fabricated-aggregate mining. Other activities include cattle

ranching and wind energy research. Several irrigation ditches traverse the Site, transmitting water for
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downstream agricultural, industrial, and municipal purposes. Three ephemeral streams drain the Site and

flow eastward (see Figure 1-2).

1.2 Geology and Hydrogeology
1.2.1 Introduction

The Site is situated approximately two miles east of the Front Range of Colorado (Figure 1-1), on the
western margin of the Colorado Piedmont section of the Great Plains Physiographic Province (Spencer,
1961). Haun and Kent (1965) have summarized the geologic history of the Colorado Rocky Mountain
region, which includes the Site area. The elevation at the Site is approximately 6,000 feet above mean sea
level (MSL). The Industrial Area of the Site is located on an alluvial-covered pediment. The upper
surface of the alluvium slopes easterly 1 to 2 degrees. Most of the surrounding area in the Buffer Zone 1s
more prominently dissected with intermittent streams. These small, eastward flowing streams include

Rock Creek, Walnut Creek, Woman Creek, and several surface water diversion ditches.

1.2.2 Stratigraphy

The stratigraphic sequence that underlies the Site extends from the crystalline Precambrian gneiss, schist,
and granitoids at 3,000 fect below MSL to the unconsolidated Quaternary deposits at the surface
approximately 6,000 feet above MSL. Based upon aerial photographic interpretation, field geologic
mapping, coal and aggregate mine development, petroleum exploration in the vicinity, and numerous
borehole investigations, a substantial amount of lithologic information has been gained about the Site.

The generalized lithologic section in the Rocky Flats area is shown in Figure 1-3.

Bedrock formations from the uppermost Cretaceous Pierre, Fox Hills, Laramie, and Arapahoe Formations
are present and exposed at the surface or lie beneath the Site. The Quaternary Rocky Flats Alluvium, and
to a limited extent Verdos Alluvium, unconformably overlie the Cretaceous Arapahoe and Laramie
Formations in the central portion of the Site. The unconsolidated surficial deposits, combined with the
weathered portion of subcropping bedrock formations, form the sequence of rocks that have the greatest

importance regarding groundwater flow and contaminant transport at the Site.

November, 1999 3
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1.2.2.1 Rocky Flats Alluvium

Scott (1975) has identified several Quaternary alluvial formation pediment covers in the vicinity of the
Site. The Rocky Flats Alluvium is an unconsolidated deposit derived from quartzites and granites of the
Coal Creck Canyon provenance west of the Site. The deposit diminishes from west to east with
thicknesses ranging from approximately 100 feet to less than one foot. In the central portion of the
Sitethe deposit is approximately 15 to 25 feet thick. The Rocky Flats Alluvium is a heterogeneous
deposit dominantly composed of angular to subrounded, poorly-sorted, coarse, bouldery-gravel with a

clay and sand matrix. Clay, silt, and sand lenses as well as varying amounts of caliche are also present.

Exposures of Rocky Flats Alluvium in the aggregate quarries north and west of the Site exhibit some
large scale cross-stratification. Depositional processes include fluvial and debris-flow transport (Shroba
and Carrara, 1994) infilling paleotopographic lows and leaving a widespread surface of erosion with

extremely low relief.

1.2.2.2 Other Surficial Deposits

In addition to the pediment-forming alluvial deposits, younger Quaternary units consisting of colluvium,
landslide alluvium, and valley fill alluvium mantle the hillslopes and valley bottoms below the pediment
surface. Colluvial deposits are derived from Arapahoe and Laramie Formations and older alluvial
deposits. This unit consists of sheetwash, soil creep, and landslide materials with a total thickness of 3 to
16 feet (Shroba and Carrara, 1994). These deposits locally flank the Rocky Flats Alluvium and generally

extend to lower parts of the slopes along the principal drainages.

Landslide deposits more commonly flank the Rocky Flats Alluvium. They are often bounded by
headwall scarps and lobate toes at the downslope margins. Seeps issuing from the base of the Rocky
Flats Alluvium contribute to landslide colluvium generation. The landslide units include earth flows,

slumps, and debris flows with thicknesses estimated between 10 to 33 feet (Shroba and Carrara, 1994).

Valley-fill alluvial deposits, present in the bottoms of modern stream channels, flood plains, and terraces,
are composed of clay, silt, sand, and gravel. They are commonly less than 10 feet thick but can be tens of
feet thick. Usually these deposits contain more sand and are more well-sorted than the Rocky Flats

Alluvium.
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1.2.2.3 Arapahoe Formation

The Arapahoe Formation is composed of claystone and silty claystone with lenticular sandstone in the
b:lsal portion of the formation. The Arapahoe Formation is generally less than 25 feet thick in the Site
area, occurring as erosional remnants of fine grained sandstone above the Laramie Formation at various
locations on Site (EG&G, 1995a). This basal Arapahoe Formation sandstone, which is currently defined
as the No. 1 Sandstone, is of concern as a potential contamination pathway, especially where it subcrops

beneath the alluvial/bedrock unconformity.

1.2.2.4 Laramie and Fox Hills Sandstone Formations

The Laramie Formation is approximately 600 to 800 feet thick and is composed of a lower
sandstone/claystone/coal interval and an upper, thick claystone interval. Within the upper claystone
interval, thin, lenticular sandstone lenses (i.e., Sandstones 2 through 5 in the 1991 Geologic
Characterization Report (EG&G, 1991a)) occur. The discontinuous nature of these sandstone lenses
coupled with the large claystone layer that encloses them mitigates their potential for transmitting

groundwater contamination in both a horizontal and vertical direction.

The Fox Hills sandstone 1s primarily fine-grained sandstone with thin siltstone and claystone interbeds
and an approximate thickness of between 75 and 125 feet. The Fox Hills sandstone crops out and
subcrops along a narrow, north-south trending pattern in the extreme western part of the Site, upgradient

from known sources of contamination.

The permeable lower sandstones and coals of the Laramie, combined with the permeable sandstones of
the Fox Hills, constitute a regional aquifer system known as the Laramie-Fox Hills aquifer. This aquifer
system is an important water source in the South Platte River Basin (Pearl, 1980), and is the sole water
supply for some residents in the Rocky Flats area. This aquifer lies approximately 500 to 600 feet below
the Industrial Area and is protected from possible contamination by the intervening Laramie Formation

claystones.

1.2.2.5 Pierre Formation

The Pierre Formation is a 7,500-foot thick, dark gray, silty bentonitic shale that acts as a lower confining
layer for the Laramie-Fox Hills aquifer in the Denver Basin. This thick marine shale unit subcrops only

in the extreme western part of the Site.
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1.2.3 Geologic Structure

The Site is located along the western margin of the Denver Basin, an asymmetric basin with a steeply
east-dipping western flank and a gentle eastern flank. The interpretation of the subsurface structure is
generalized in the east-west geological cross section of the Site area presented in Figure 1-4. A
monoclinal fold limb exposed west of the Site is the most significant surficial structural feature in the Site
area. Along the west limb of the fold, an angular unconformity exists between the Upper Cretaceous

bedrock and the base of the Quaternary Rocky Flats Alluvium.

No active faults have been identified at the Site. Several high angle bedrock faults have been inferred to
exist in the 1A based on various stratigraphic and borehole correlation criteria. These faults appear to
have only a limited hydrologic significance with regard to vertical groundwater movement and

contaminant transport (RMRS, 1996a).

1.2.4 Hydrogeology .

This section presents the basic concepts about the hydrogeologic conditions at the Site that affect
groundwater monitoring and protection. Characterization of the hydrogeologic setting is based on the
currently accepted conceptual geologic and hydrogeologic models described in the Sitewide Geoscience
Characterization Study (EG&G, 1995a; 1995b; 1995¢). These conceptual geologic and hydrogeologic
models are used to predict the direction and rate of groundwater flow, identify potential pathways for
contaminant migration, and determine the extent of contaminant plumes given varying physical,

chemical, and biological factors.

1.2.4.1 Definition of the Uppermost Aquifer for the Site

The term aquifer as defined by 40 CFR Section 260.10 is a “geologic formation, group of formations, or a
part of a formation that is capable of yielding a significant amount of water to a well or spring.” An
uppermost aquifer is also defined as “the geologic formation nearest the natural ground surface that is an
aquifer, as well as lower aquifers that are hydraulically interconnected with this aquifer within the
facility’s boundary.” Geologic materials with similar hydrologic properties comprise a hydrostratigraphic
unit (HSU) (Fetter, 1988). For purposes of this report, the uppermost aquifer or upper hydrostratigraphic
unit (UHSU) consists of the unconfined saturated zone, in which unconsolidated and consohidated
groundwater-bearing strata are in hydraulic communication. The UHSU consists of the following

geologic units: Rocky Flats Alluvium, valley-fill alluvium, colluvium, landslide deposits, weathered

November, 1999 8



AUGY Sgeeny Jseg

AV

% 19v0-20%08 00 U3p0D

¥9v 108 04

ag Mojoljag, (ejusunionng Sje Apey

dnols) swejsAS uoljeuloju| olydeifosn
‘077 '$80IAI8S UOIJeIpalLsy UEJUNOW AYO0Y

palY SIo4 AJOoy 8ul pup abuny| JUOl
8yl Jo uoioag $solD) DIBoj0es) pazinIeuss)
-1 einbi4

uonesenBexg [eolueA L1l 188} 000
p—p

uopesebbexy jeoen 115 16950002

'0G66 | 'ORDT WOl Uoipiaidialul [pINONIIG

syun oiydioweieon
B snosubj pepiapun

(196) 1SN BrCqY UONEAGIT

suolewIoS uelunod g suol ksl

uonewIo supA E

UONBILLIO UOSIION
dnolo ejoxeq E

8jeyg uojueg E
uoljeLLIO | IRIqoIN E

1equiely eusiBA/eleys elisld E

- .V_ € - - - >
abueyy oiy

e OOES
fee > m
¥ 5

oars oo B suojspueg sjjiH xo4 SR
00GS 0096 W
oacs . HM m uojiBwio eiuese [ 1N
0ORE A AD m _
wos —| ol uoteuio  eoyedely E
0009 1S euelpy| oole m_
oore ey o2 = winiAnjjy sie 20
Hm,qw 8IS siel4 Ayooy eﬁ_ 1S3M ANy il Ay D

Siej4 Ao0Y WniAnyy sopiep I>c

sHun s(bojosn




RF/RMRS-99-433.UN
1998 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Monitoring Report

Arapahoe and Laramie Formation bedrock, and all sandstones within the Arapahoe and upper Laramie
Formations in hydraulic communication with the overlying unconsolidated surficial deposits. The UHSU

1s considered to be equivalent to the uppermost aquifer at the Site.

Beneath the surficial materials and the consolidated sandstones of the UHSU are the geologic units of the

lower hydrostratigraphic unit (LHSU). The LHSU consists of the consolidated, unweathered bedrock

zone of the Arapahoe and uppér Laramie Formations not in hydraulic communication with' the overlying
UHSU. The Arapahoe and upper Laramie Formations comprising the geologic units of the LHSU consist
of lesser amounts of sandstone and greater amounts of adjacent claystones. Because of the low
permeability of the claystones, they behave as aquitards restricting hydraulic communication with the
UHSU. The lower Laramie and Fox Hills Sandstone Formations comprise a stratigraphically lower and
third hydrostratigraphic unit beneath the site. Groundwaters of the three hydrostratigraphic units are
hydraulically separated beneath the IA. They do converge, however, and are in mutual contact
immediately upgradient near the western margin of the Site due to monoclinal folding and erosional
proximity. Initially, background geochemical characterization of the UHSU and LHSU revealed that
these units have statistically different groundwater chemistry concluding with the delineation of separate
hydrostratigraphic units (EG&G, 1993a). In addition, possible communication of the hydrostratigraphic
units along other geologic structures is currently being assessed. More detailed differentiation of the
LHSU will be achieved as new hydrogeologic and geochemical data are generated from Site

investigations currently proposed or in progress.

1.2.4.2 Groundwater Occurrence and Distribution

The Site 1s located in a regional groundwater recharge area (EG&G, 1991a). Groundwater recharge
occurs from the infiltration of incident precipitation and as base flow near the upgradient area of the Site
drainage basin that extends west to Coal Creek. Groundwater recharge occurs from the infiltration of
precipitation and from stream, ditch, and pond seepage. Much of the groundwater that discharges from
the UHSU to streams and seeps evaporates as it is being discharged. Limited investigation of the former
OU2 area during the period of July through October 1993 indicated that the precipitation component of
recharge was lost to evapotranspiration demands (EG&G, 1993b).

In the western part of the Site, where the thickness of the Rocky Flats Alluvium reaches 100 feet, the
depth to the water table is 50 to 70 feet below the surface. The depth to water generally becomes
shallower from west to east as the alluvial material thins and the confining claystones are closer to the

ground surface. At the head of stream drainages and along valley sides, seeps are common at the base of
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the Rocky Flats Alluvium where it is in contact with claystones of the Arapahoe/Laramie Formations, and
where the Arapahoe Formation sandstone crops out. In general, the unconsolidated surficial materials are
thicker in the western, higher elevations at the Site. Accordingly, the saturated thickness of these
materials also thins eastward. The potentiometric surface of groundwater in unconsolidated surficial
deposits has been mapped and is shown on Plates 2 and 3. The periods illustrated represent the times of
year when static water levels are expected to be both high and low. Areas of unsaturated and seasonally

unsaturated alluvium and colluvium are indicated east and northeast of the TA.

Groundwater in the Arapahoe Formation sandstone units, which subcrop beneath the alluvial material, is
not confined when in contact with the surficial materials. In this setting, a hydraulic connection exists
between the bedrock sandstone and the alluvial material allowing the bedrock groundwater to exist under
unconfined conditions as part of the UHSU. The subcropping Arapahoe Formation No. I Sandstone,
located in the eastern portion of the IA and in the arca between South Walnut Creek and Woman Creek, is
part of the UHSU (EG&G, 1991a). The upper discontinuous sandstones of the Laramie Formation also
subcrop beneath alluvium and colluvium, but in limited areas in the valleys and along valley slopes.
Groundwater in the lenticular sandstone units of the Laramie Formation occurs under confined conditions

over scattered areas of the Site.

Groundwater levels in UHSU wells fluctuate in response to seasonal recharge events. Approximately 15
percent of the groundwater monitoring wells are commonly dry during at least one of the quarterly
sampling events. Ofthe remaining wells, approximately half cannot yield sufficient water volume

(4.5 gallons) necessary for a full suite of laboratory samples. Sampling crews must return later after wells

have recovered to obtain additional sample volumes.

1.2.4.3 Groundwater Flow

The shallow groundwater flow regime at the Site is illustrated by the configuration of potentiometric
contours in Plates 2 and 3. These maps indicate that groundwater flow is largely controlled by the
topography of the bedrock surface. Groundwater in the ridge tops generally flows toward the east-
northeast. In areas where the ridge tops are dissected by east-northeast trending stream drainages,
groundwater flows to the north or south toward the bottom of the valleys. In the valley bottoms,
groundwater flows to the east, generally following the course of the stream. Shallow groundwater flow is

primarily lateral due to the low permeability of the underlying claystone bedrock.

A potential for vertical groundwater flow, although limited by the low permeability of bedrock

claystones, is indicated by the presence of strong downward vertical hydraulic gradients between the
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UHSU and underlying bedrock units. This situation implies a condition of poor hydraulic
communication. For example, vertical gradients on the order of 0.79 to 1.05 ft/ft have been calculated
between colluvial and bedrock sandstones. The vertical groundwater flux through claystones is assumed
to be small, on the order of 10% to 107 cm/sec, based on calculations provided in RMRS (1996a).
Fracturing, where evident, is most abundant in the weathered bedrock zone, but is observed to decrease
with depth in unweathered bedrock. Preferential vertical groundwater flow and contaminant transport
along fractures or fault zones does not appear to represent a viable pathway for contaminant migration

based on an assessment of available data (RMRS, 1996a).

1.2.4.4 Hydraulic Conductivity

The UHSU at the Site has a relatively low to moderate hydraulic conductivity that typically yields small
amounts of water to groundwater monitoring wells. The UHSU exhibits a wide-range of hydraulic
conductivities because of the diverse nature of the individual geologic units that comprise this unit.
Summary statistics for UHSU hydraulic conductivities (EG&G, 1995c¢, Table G-2) indicate a range of
5.0 x 10? cm/sec to 3 x 10® cm/sec. Listed in order of decreasing geometric mean hydraulic
conductivity, the relative ranking of individual units of the UHSU is presented as follows: valley-fill
alluvium (2.5 x 107 cm/sec); Arapahoe No. 1 sandstone (7.9 x 10™* cm/sec); Rocky Flats Alluvium (2.1 x
10 em/sec); colluvium (9.3 x 10° cm/sec); weathered Laramie Formation sandstones (3.9 x 107 cm/sec);

and weathered Laramie Formation claystones (8.8 x 107 cm/sec).

Hydraulic conductivities for LHSU materials are generally the lowest measured at the Site with geometric
mean values for individual lithologic groups ranging from 1.6 x 107 to 5.8 x 10”7 em/sec (EG&G, 1995¢,
Table G-2). The low permeability and 600+ foot thickness of the upper Laramie Formation claystones act
as an effective aquitard that restricts downward vertical groundwater flow and contaminant transport to

the Laramie-Fox Hills aquifer (RMRS, 1996a).

In summary, the following major geologic and hydrologic parameters influence groundwater flow at the

Site (EG&G, 1995a; 1995D):

(1) Topography controls the surface waters of the upslope drainage basin which in part recharges
groundwater and the three principal streams draining the Site. The majority of shallow
groundwater is intercepted by these drainages.

(2) The lithology and permeability of the unconsolidated surficial deposits permit meteoric waters to
recharge the water table. The water table is contained in alluvium and weathered bedrock.

(3) Paleotopography of the bedrock pediment, which is less permeable than the overlying
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unconsolidated surficial deposits, serves to focus groundwater movement along bedrock “lows.”

(4) Paleoweathering of shallow bedrock materials has enhanced the permeability of the upper 10 to 60
feet relative to unweathered bedrock.

The permeability of bedrock units, composed primarily of claystone with lesser amounts of siltstone and
sandstone, is generally several orders of magnitude less than for unconsolidated surficial deposits. The
600+ feet of unweathered bedrock between the shallow groundwater flow system and deep regional ‘
Laramie-Fox Hills aquifer provides an effective barrier to vertical groundwater and contaminant

movement.

1.3  Environmental History

Processing and fabrication of weapons-related components began at the Site in 1952 and continued
through 1989. Fabrication of stainless steel components continued, however, in one building through the
early 1990°s. During operation, environmental protection measures were established that seemed
consistent with prudent environmental management. However, some activities resulted in the
environmental contamination of portions of the Site. Efforts to document the extent of Site contamination
are in progress, in accordance with the Resource Conservation and Recovery Act (RCRA), the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), and the RFCA, a
cooperative agreement between U.S. Department of Energy (DOE), U.S. Environmental Protection
Agency (EPA), and Colorado Department of Public Health and Environment (CDPHE). In addition, a
historical release report (HRR) (DOE, 1992a) has been developed that documents knowledge gained to
date about contamination arising from past practices. The HRR is updated on an annual basis with the
knowledge gained from ongoing monitoring and investigative activities on site. The additional

information is submitted on an annual basis to the EPA and CDPHE as addenda to the original document.

Documented areas of soil contamination have been designated as Individual Hazardous Substance Sites
(IHSSs). Many of these [HSSs have been characterized as part of the Remedial Investigation/Feasibility
Study (RI/FS) process which was conducted under the Interagency Agreement (IAG, 1991) between
DOE, CDPHE and EPA. Some IHSSs have already been remediated and others are currently scheduled
for excavation and treatment by the Environmental Restoration Department in accordance with a Site

environmental remediation priority ranking system.

Groundwater investigations at the Site have determined that some IHSSs have released hazardous and
radionuclide contaminants to groundwater. The most widespread contamination 1s that of volatile organic

compounds (VOCs). Plate 10 shows the distribution of VOC contamination in the UHSU. Plume
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definition is inexact however, because of limitations in well coverage, variability of hydrostratigraphic
conditions, and local variations in groundwater transport velocity. Previously published plume maps for
individual constituents can be found in the 1993 Well Evaluation Report (EG&G, 1994a), the annual
RCRA Groundwater reports (EG&G, 1992, 1993¢, 1994b, 1995d; RMRS/KH, 1996) and in individual
OU RI/RFI reports.

Compared to all other contaminants, groundwater VOC plumes at RFETS have the greatest potential to
impact surface water, based on spatial distribution and concentration considerations. These plumes have
been defined on the basis of concentration values above the RFCA Tier II Action Level for individual
constituents. Action levels at RFETS are derived from and are similar to regulated maximum
concentration imits (MCLs). To delineate areas of highly contaminated groundwater, the Tier [
groundwater action levels of 100 x Tier II Action Levels were compared against all groundwater data for
the most common VOCs in groundwater. Values above Tier I and Tier II Action Levels were plotted and
are shown on Plate 10. The most probable sources were identified using the results of recent field
sampling programs and correlating this with our knowledge of Site processes (see RMRS, 1996b). A
flow diagram (RMRS, 1996b) illustrates the method used to locate the contaminant plumes and
corresponding sources, and to assist in determining which areas should be evaluated for potential
remedial action. Other contaminants will also be addressed where there is a potential impact to surface

water above action levels.

Six VOC groundwater contaminant plumes have been identified where contaminant concentrations are
above Tier I Action Levels. These groundwater contaminant plumes include the IHSS 119.1 Plume,
Mound Plume, 903 Pad and Ryan’s Pit Plume, Carbon Tetrachloride Plume, East Trenches Area Plume,
and Industrial Area Plume. In addition, there are two plumes with contaminant concentrations above Tier
IT Action Levels that have the potential to impact surface water. These plumes are the Present Landfill

and the Property Utilization and Disposal (PU&D) Yard (RMRS, 1996b).

In addition to the VOC plumes, there are other constituents with concentrations above action levels in
groundwater. Evaluation of metals anomalies has been curtailed pending re-evaluation of background

thresholds that will be done in FY99.

1.3.1 Rocky Flats Cleanup Agreement

The RFCA was officially adopted on July 19, 1996 (RFCA, 1996). The RFCA replaces the IAG as the
environmental cleanup agreement for RFETS. The RFCA outlines the goals, objectives, and strategies

that will lead to the RFETS cleanup and closure mission objectives. The Action Level Framework (ALF)
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attachment to the RFCA contains specific requirements for environmental monitoring and reporting, and
it sets action levels for contaminant concentrations in groundwater and in other media. The IMP is

required under RFCA to further define the monitoring programs for the Site.

To align the groundwater monitoring program with the new RFETS mission and RFCA requirements, the
monitoring network was evaluated in 1996. A data quality objective (DQO) process was used to
determine what decisions were necessary for groundwater and the function of each well in the network in
supporting those decisions. DOE, CDPHE, EPA, and stakeholders were directly involved in decisions
involving the moﬁitoring network. Results of this evaluation are presented in the IMP which is discussed

below.

1.3.2 Integrated Monitoring Plan for Groundwater

The Integrated Monitoring Plan (IMP) is a summary document that outlines the goals for groundwater
monitoring (and other environmental media), and describes the various components of the groundwater
monitoring program (K-H, 1998a). To evaluate groundwater monitoring needs, one must know the
RFCA ALF for groundwater, the Site history and areas of contamination, the physical and hydrogeologic
setting of the Site, the effect of contaminated areas on groundwater, and the nature of the groundwater
contaminant plumes. This information is presented in the IMP Background Document (K-H, 1998b).
Appendices A, B, C, and D of the groundwater section of the Background Document cover these previous
topics. Appendix E of the groundwater section lists the wells that will be monitored for water quality or

for groundwater flow.

In the past, two plans have been required at RFETS to comply with DOE Order 5400.1 (DOE, 1988,
Page 111-2), a Groundwater Protection & Management Program Plan and a Groundwater Monitoring Plan.
These two plans have historically been combined into one document, the Groundwater Protection and
Monitoring Program Plan (GPMPP) (EG&G, 1993d), which defines and describes the groundwater
protection and monitoring programs at the Site. In addition, an assessment groundwater monitoring plan
was required under RCRA for the interim status units on Site. This Plan is called the Groundwater
Assessment Plan (GWAP) (DOE, 1993a). Other monitoring plans have been developed to address
groundwater monitoring requirements as outgrowths of various CERCLA Interim Measure/Interim
Remedial Action (IM/IRA) decision documents. The IMP will serve as the Groundwater Monitoring Plan
for the Site, and it will replace the requirements found in the group of plans named above. It will also
revise the requirements of the routine groundwater monitoring portion of the IA IM/IRA decision

document (DOE, 1994) and the French Drain Performance Monitoring Plan (DOE, 1992b).
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The original IMP was published in May 1997. The IMP and IMP Background Document are updated

annually with any changes to the monitoring programs

The groundwater monitoring network, as defined in the IMP (K-H, 1998a), has eight categories of
monitoring wells. Table 1-1 lists the wells in the current monitoring program. Table 1-2 presents the
analytical suites associated with each well in the program. The decision rules presented in the original
IMP have been retained for determining Tier I and II exceedances of groundwater Action Levels. The

well types and decision rules are defined below:

Boundary (B) Monitoring Wells

These wells monitor groundwater leaving the eastern Site boundary. A reportable exceedance occurs if a
measured concentration is above a Tier II action level and the background Mean plus 2 Standard
Deviations (M2SDs). When there are no previous historical data, or a value is greater than the M2SD of
the historical concentration in the well when there have been historical exceedances of Tier II action
levels, the required action is to initiate monthly sampling. Appropriate parties (DOE, CDPHE and EPA)
are notified and possible impacts to surface water are evaluated if contaminant levels are above action

levels, by the above criteria, for three consecutive months.

D&D (DD) Monitoring Wells

These wells monitor for releases to groundwater from decontamination and decommaissioning (D&D)
activities. A concentration value is reportable when a measured concentration is above the M2SD of the
established historical baseline concentration downgradient of the building(s). The required action 1s to

inform appropriate parties and initiate an evaluation of the situation.

Plume Definition (PD) Monitoring Wells

These wells are located within known contaminant plumes and are above Tier II action levels, but are
below the Tier I action levels established in the ALF. A value is reportable when a measured
concentration is above a Tier I action level, and the background M2SD, and the M2SD of the historical
concentration in the well. The required action is to reclassify as a Tier I reportable well and evaluate

possible impacts to groundwater.

Plume Extent (PE) Monitoring Wells
These wells are located at the edges of known groundwater contaminant plumes, along pathways to
surface water. These wells monitor for an increase in concentrations that may result in future impacts to

surface water. A value is reportable if a measured concentration is above a Tier II action level and the
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background M2SD. When there are no previous historical data, or a value is greater than the M2SD of
the historical concentration in the well when there have been historical values above Tier II action levels,
the required action is to initiate monthly sampling. Appropriate parties are notified and possible impacts
to surface water are evaluated if contaminant levels are above action levels, by the above criteria, for

three consecutive months.

Drainage (D) Monitoring Wells
These wells are located in stream drainages, downgradient of contaminant plumes. They have the same

programmatic requirements as PE wells under the IMP.

A value is reportable when a measured concentration is above the Tier II action level and the background
M2SD. When there are no historical data, or a value is greater than the M2SD of the historical
concentration in the well when there have been historical values above Tier II action levels, the required
action 1s to initiate monthly sampling. Appropriate parties are notified and possible impacts to surface

water are evaluated 1f values are above action levels, by the above criteria, for three consecutive months.

Performance Monitoring (PM) Wells
These wells monitor the effect of a remediation or source removal action, as required in the ALF. Ifan
increasing trend in the concentration of a contaminant is noted, then the appropriate parties are notified

and an evaluation of the situation is initiated.

RCRA Monitbring Wells

These wells monitor downgradient groundwater contaminant concentrations at RCRA units. If the mean
- concentration of a contaminant in a downgradient well is greater than the mean concentration in
upgradient wells and concentrations at the well show an upward trend with time, a report will be made to

appropriate agencies and an investigation will be initiated to investigate possible causes.

Plume Degradation Monitoring Wells

These wells monitor the downgradient portions of groundwater plumes or plume sources to establish
whether natural processes are degréding (also called attenuating) the nature and extent of the plume prior
to entering the surface water environment. In areas where monitoring can document a natural attenuation
process for a plume, other remediation activities may not be necessary. These wells would differ from
plume extent wells in that the analyte suite may include parameters that focus on measuring the
attenuation process. Also, these wells would not only look at concentration of contaminants but would
look at the breakdown products from these contaminants in the evaluation process. If significant natural

attenuation can be substantiated, then a non-remedial decision can be promulgated for the plume.
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Groundwater reporting has been integrated under the IMP. Four quarterly reports are produced annually
that document concentration values above RFCA Action Levels. Also documented are changes in water
quality for wells not monitored for comparison to action levels. A RFCA Annual Groundwater Report is

also required to summarize all actions taken for groundwater compliance within each calendar year.

For documented values above action levels and Site background in the designated monitoring wells in the
program, an evaluation of impact to surface water is required. These evaluations are determined on a case
by case basis depending on the data requirements necessary to do the impact analysis. Section 4.0 of this
report discusses the status of the current evaluations that were implemented based on elevated

concentrations in 1996.
1.3.3 Changes to the Groundwater Monitoring Program

Additions to the Groundwater Monitoring Network

Wells have been added to the Site monitoring network based on the results of groundwater evaluations

and remediation activities. Plate 1 shows the locations for these monitoring wells.

The Mound plume passive treatment system was completed in FY98. This system was constructed in the
area of seep location SW59 and plume extent well 3586, both of which contained detections of VOCs
above Tier II action levels. A performance monitoring network will be installed in FY99 to evaluate the

effectiveness of the treatment system in reducing the VOC load to South Walnut Creek.

A D&D monitoring network was established around Building 123, which was demolished in FY98. Five
monitoring wells were installed and are numbered 10198 through 10598. Two of the wells were located
upgradient and the other three are located downgradient of the building. These wells were also used to

characterize the potential under building contamination that might be affecting groundwater at the Site

An investigation of the northern extent of the TA Plume was conducted in 1998 . Based on the results of
the investigation VOC contamination was interpreted to be more extensive than previously thought. Asa
result, it may be necessary to re-evaluate the monitoring network in this area. Please refer to Section 4.1

for additional information on this investigation.

A real time water level monitoring network was initiated for the Site in 1998 to help qualify the affects of
storm events and other recharge events on groundwater flow and transport. Twenty-five wells originally
identified for water level measurements in the IMP were converted to real time monitoring stations that
will record water levels six times per day. Please refer to Section 7.2 for additional information on this

activity.
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‘ The sampling frequency for monitoring wells at the Present Landfill was changed from semiannual to
quarterly. This change was necessary to have enough data points so that an upgradient to downgradient

comparison of mean concentrations of contaminants could be calculated.
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20 GROUNDWATER DATA QUALITY ASSESSMENT

2.1 Methods

The quality of the analytical data is assessed in terms of five data-quality parameters: precision, accuracy,
representativeness, completeness, and comparability (PARCC) (EPA, 1992a). This section summarizes
the types of data available to assess the PARCC parameters.

The RFETS groundwater monitoring program, as established in the IMP, consists of 98 wells that are
sampled at a semi-annual frequency (K-H, 1998a). A total of 232 well sampling visits were conducted
during 1998. All samples specified in the IMP were collected unless well disposition was prohibitive (1.e.
dry or went dry during sampling). Table 2-1 presents a summary of sample collection and well

disposition.

Quality Control (QC) samples consisting of real/duplicate pairs and rinsate samples were collected from
18 sites. The frequency for field QC sampling of 1 site in 5.4 exceeded the target rate of 1 site in 20 over
the course of the 1998 sampling program. PARCC analysis of the 1998 QC data is presented in the
sections that follow. Data used to evaluate the PARCC parameters are summarized in this report, and are

presented in full in the quarterly monitoring reports (RMRS 1998a; 1998b; 1999a; and 1999b).

Precision
Precision is a measure of the reproducibility of analytical results. Precision is expressed quantitatively by
the relative percent difference (RPD) between duplicate field samples for VOCs, metals, and water

quality parameters as defined by the following equation:

RPD= E(S-D)E x 100 where, S = Sample Result
(S+D)/2 D = Duplicate or Lab Replicate Result

With respect to Radionuclides the RFETS Groundwater Program uses the following “Duplicate Error
Ratio” (DER) equation:

DER= £S-DE where, TPUs = total propagated uncertainty of the sample
[(TPUs + TPURH)]"? TPUp = total propagated uncertainty of the duplicate or lab
replicate

S = sample result
D = duplicate or lab replicate result
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Becanse TPU is only reported for Tritium (Hs) analyses in the lab reports, 2-Sigma Error has been
substituted for TPU in the Uranium and Americium/Plutonium calculations made for this report.

A RPD/DER is not calculated for duplicate samples for which the analytical result for either member is
qualified as undetected by the laboratory. This includes “U” qualified data for volatile organic compounds
and “U” and “B” qualified data for inorganic compounds. The data flag “U” indicates that the analyte was
not present above the detection limit (IDL). The data flag “B” for inorganics indicates that the value is
larger than the instrument detection limit but less than the method detection limit. Results in these

categories have inherently poor reproducibility and are described qualitatively.

The RPDs or DERSs calculated for each real/duplicate pair having detections can be found in Table 2-2.
The QC criterion for RPDs is < 30%, for DERs the criterion is <1.96. Table 2-3 gives a summary of the

overall precision compliance for RPDs and DERs.

Accuracy

Accuracy is a measure of how closely an analytical result corresponds to the “true” concentration in a
sample. Accuracy, as applied to groundwater analytical data from RFETS; is described in RFE/RMRS-98-
200, Evaluation of Data for Usability in Final Reports (August 1998) as a comparison of required
analytical methods and detection limits with actual methods and detection limit for each analyte (K-H,

1998a). Table 2-4 presents the contract-required detection limits (CRDLs) for the various analytes.

Representativeness

The discussion of representativeness in this section is limited to an evaluation of whether analytical
results for field samples are truly representative of environmental concentrations or whether they may
have been influenced by the introduction of contamination during collection and handling. The potential
mtroduction of contamination is evaluated by examination of the analytical results for equipment rinsates
(Table 2-5). Equipment rinsates are used to assess the efficacy of the decontamination process and
possible cross-contamination between environmental samples. They are samples of volatile free ASTM
Type Il water (“distilled” water) that have been poured over or through decontaminated sampling

equipment and subsequently handled in the same manner as environmental samples.

Although rinsates are used specifically as indicators of cross-contamination during decontamination of
equipment, they are carried through the entire sampling, shipping, and laboratory process and are,

consequently, also good indicators of potential contamination introduced during any of these steps.
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Table 2-2

Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs)

Groundwater 1998

Real Dup ] RPD
. Sample Real Real Du Du, . Difference Average |
Location Date Analyte Result Result valid Resv.?l N Result ValiF:i Units Real-Dup (Real+Dt?p) /2 Diff/Avg
Qual Qual x100
Water Quality Parameters
11891 3/5/98 [Nitrate/Nitrite 5.9 Vi 507 mg/L 501.10 256.45]  195.40
12191 3/5/98 |Nitrate/Nitrite 6.2 1 6 n mg/L 0.20 610 3.28
11891 3/5/98 [Total Diss Solids 480 1 460 mg/L. 20.00 470.00] 426
12191 3/5/98 Total Diss Solids 540 1 580 Vi mg/L 40.00 560.00] 7.4
12191 4/28/98 Nitrate/Nitrite 6.5 6.9 mg/L 0.40 6.70] 597
12191 4/28/98 |Total Diss Solids 790 770 mg/L 20.00 780.00]  2.56
P209489 | 5/14/98 [Fluoride 0.26 0.26 mg/L 0.00 0.26]  0.00
P209489 | 5/14/98 |Nitrate/Nitrite 120 N 120 N 1 mg/L 0.00 120.00]  0.00
P209489 5/14/98 Sulfate 91 ,, 1 88 mg/L 3.00 89.50] 3.35
P209489 | 5/14/98 Total Diss Solids_ 1400 1300 mg/L 100.00 135000 7.41
3586 6/5/98 IFluoride 0.41 G 0.4 mg/L 0.01 0.41] 247
3586 6/5/98 Nitrate/Nitrite 0.12 ! 0.12 mg/L 0.00 0.12 0.00
3586 6/5/98 Sulfate 180 Vi 190 mg/L 10.00 185.00] 541
3586 | 6/5/98 [Total DissSolids | 990 J 970 mg/L 20.00 980.00]  2.04
11891 6/11/98  Nitrate/Nitrile 5.6 Vi 5.7 Vi mg/L 0.10 565  1.77
11891 6/11/98 Tolal Diss Solids 510 V] 510 V1 mg/L 0.00 510.00] 000
70193 7/14/98 Fluoride 0.23 1007 mg/l | 006 0.20] 30.00
70193 7/14/98 Nitrate/Nitite ol e mg/L 0.00 190  0.00
70193 7/14/98 Sulfate 25 L 20 mg/L 5.00 2250 2222
70193 7/14/98 [Total Diss Solids | 230 210 mg/L 20.00 220.00]  9.09
03991 8/6/98  iNitrate/Niite L 6.2 6.8 mg/L 0.60 ~ 650] 923
03991 8/6/98 Total Diss Solids | 550) 560 mg/L 10.00 555.00 1.80
10498 8/12/98 [Nitrate/Nitrite 25| W 27 mg/L 2.00 26.00]  7.69
05091 8/26/98 INitrate/Nitrite 7.3 6.9 mg/L 0.40 7.100 563
05091 ofal Diss Sohds 600 - 570 mg/L 30.00 585.00 5.13
5887 8/31/98 |Fluoride 017l 0.17 mg/L 0.00 0.17]  0.00
' 5887 8/31/98 | Nitrate/Nitrite 22 2 mg/L 0.20 2.10] 952
5887 8/31/98 Sulfale 24 24 mg/L 0.00 24.00]  0.00
5887 210, 210 mg/L 0.00 210.00]  0.00
3586 1000f Vi 1000 mg/L _0.00 1000.00;  0.00
11891 | 11/19/98 |Nitrate/Nitrite 6.3 Vi 7.2 I mg/L 0.90| 6.75] 1333
11891 11/19/98 Total Diss Solids 5100 Vi 560 Vi mg/L 50.00 535.00]  9.35
70193 11/30/98 | Fluoride 03] Vi 0.31 mg/L 0.01 0.31] 328
70193 11/30/98 [Nitrate/Nitrite 2.1 Vi 2.2 mg/L 0.10 215/  4.65
70193 11/30/98 {Sulfate | 2] v 22 mg/L 0.00 22.00]  0.00
70193 11/30/98 Total Diss Solids 170 n 170 mg/L 0.00 170.00]  0.00
02291 64 Vi 5.4 mg/L 1.00 590]  16.95
02291 420, Vi 390 mg/L 30.00 405.00{  7.41
5887 02 V1 02, mg/L 0.00 0.20]  0.00
70393 | e ) 016/ Vi 0.16 mg/L 0.00 0.16] _ 0.00
5887 12/14/98 [Nitrate/Nitite 3.4 Vi 34 mg/L 0.00 3.40|  0.00
70393 12/14/98 [Nitrate/Nitrite ~ © 58] Vi 5.5 B mg/L 0.30 565 531
5887 12/14/98 iSulfate 3 3t V] 30 mg/L 1.00 30.50]  3.28
70393 12/14/98 [Sulfate 78 Vi 28 mg/L 0.00 28.00]  0.00
5887 12/14/98 Tofal DISS Sollds 160 Vi 160 mg/L 0.00 160.00 0.00
70393 12/14/98 Total Diss Solids '~ 160, Vi 140 mg/L 20.00 150.00]  13.33
12191 12/15/98 INitrate/Nitrite 8.3 Vi 7.4 mg/L 0.90 785 1146
12191 12/15/98 [Total Diss Solids 520 Vi 570 mg/L 50.00 545.00] 917

Note: RPD volues greater than the 30% QC criterion are indicated in bold font.
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Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs)

Table 2-2

Groundwater 1998

Real Real Dup Dup . Square Root
Well S;r::;le Analyte Rne(:u:' Result | 2Sigma \'; e;?; RDUP" 2Sigma ‘:) l:'; Units | Result ?;:?I'_';r::e (;sigkeal + | DER Diff/SqrRt
‘ v Qual Error ol esy Error ol Qual P | 2sigDup)
Radionuclides
02291 12/4/98 |Uranium-233/234 2.13 0.635] Vv 3.03]0.884 pCi/L 0.90 1.09 0.83
0386 2/26/98 [ Americium-241 0.002 0.012 0.01] 0.014 oG/l 0.01 0.02 0.43
0386 2/26/98 |Plutonium-239/240 | -0.004 0016 0.004]  0.014 pCi/L 0.01 0.02 0.38
0386 2/26/98 |Uranium-233/234 103 1.36 103 1.40 pCi/L 0.00 1.95 0.00
0386 2/26/98 |Uranium-235 0.283 0.190 0.266| 0190 pCi/L 0.02 0.27 0.06
0386 2/26/98 |Uranium-238 8.05 1.14 8.35 1.20 pCi/l 0.30 1.66 0.18
0386 8/25/98 |Americium-241 0.003 0.015 0.005] 0.006 pCi/L 0.60 0.02 0.12
0386 8/25/98 |Plutonium-239/240 0.002 0.003 0| 0.006 pCi/L 0.00 0.01 0.30
0386 8/25/98 |Tritium -137 190 -67.7 192 pCi/L 69.30 270.12 0.26
0386 8/25/98 Uronivm-233/234 | 101 1.48 10.8 1.55 pCi/L 0.70 2.14 0.33
0386 8/25/98 |Uranium-235 0.534 0,281 0.206] 0170 pCi/L 0.33 0.33 1.00
0386 8/25/98 Uranum-238 | 823 V.27 7.71 1.22 pCi/L 0.52 1.76 0.30
03991 8/6/98 cium-2 0.009 0016 0.003] 0016 pCi/L 0.01 0.02 0.27
03991 8/6/98_ Plutonium-239/240 | -0.001]| 0.010 0.001!  0.006 pCi/L 0.00 0.01 017
03991 8/6/98 Uranium-233/234 2.09 0521 2.06] 0515 pCi/L 0.03 0.73 0.04
03991 8/6/98 |Uranivm-235 | -0014 0028 0.104] 0138 pCi/k 0.2 0.14 0.84
03991 8/6/98 |Uranium-238 1.38 0.410 1.08] 0363 pCi/L 0.30 0.55 0.55
05091 2/27/98 4.21 0.739 4.38] 0746 pCi/L 0.17 1.05 0.16
05091 2/27/98 |Uronium-238 2.39 0527 1.79] 0439 V| pCil 0.60 0.69 0.87
05091 8/26/98 |Americium-241 0.012 0.018 0.008] 0016 pCi/L 0.00 0.02 0.17
05091 8/26/98 |Plutonium-239/240 | 0.006 0.010 -0.001] _ 0.008 pCi/t 0.01 0.01 0.55
05091 8/26/98 |Uranium-233/234 _: 506 0.981 4140830 pCi/l 0.92 1.29 0.72
05091 8/26/98 |Uranium-235 | 0103 0.142 0.147]  0.148 pCi/L 0.04_ 0.21 0.21
05091 8/26/98 |Uronium-238 3.06 6714 2.32] 0580 pCi/k 0.74 0.92 0.80
10294 2/10/98 Plotonium-239/240 | 0.0075] J | 0.00359 0.00244| 0.00829 pCi/L 0.01 0.01 0.56
10294 2/10/98 |Uranium-233/234 25144 178 279 178 pCi/L 2.76 2.52 1.09
10294 2/10/98 | Uranium-235 08554]  J 0378 0.865 0317 pCi/L 0.0} 0.46 002
10294 2/10/98 |Uranivm-238 | 17.9772 L1581 24 1.65 pCi/L 6.02 2.24 2.69
10294 7/29/98 |Tiifium -47.3 , 118 471 118 pCi/L 0.20 166.88 0.00
10294 7/29/98 [Uronivm-233/234 | 21.6128 2133 185942 15712 pCi/l | 3.02 2.65 114
10294 7/29/98 Uranium-235 118011 i 05039 0.6239] 0.2874 pCi/t | 1 0.56 0.58 0.96
10294 7/29/98 Uranivm-238 | 16.2807 1.8501 16.5896]  1.484] pCi/L 0.31 2.37 0.13
11891 3/5/98 |Americium-241 ~0.085 0042 011] 0.064 pCit | J 0.05 0.08 0.59
11891 3/5/98 'Uronium-233/234 | 225 0.421] 2.32]  0.459 pCi/t 0.07 0.62 0.11
11891 3/5/98 Uranium-235 01241 I 0.078 0.118]  0.087 pCi/LT 0.01 0.12 005
11891 3/5/98 |Uraniym-238 1.32 0295 1.58] 0360 pCi/L 026 | 0.47 056
11891 6/11/98 |Urenium-235 0.1208] 4 0.0655 0.2723] 0145 pCill | 4 0.15 0.16 0.95
11891 6/11/98 |Uronium-238 1.4137 0.2249 1150 0.2975] 1 | pCit 0.26 0.37 0.71
11891 11/19/98 |Plutonium-239/240 0.036 0.019] Vi 0046 0019 V1 | pCilt 0.01 0.03 037
12191 3/5/98 |Uronium-233/234 2.36 0.456 209] 0415 V1 | pCift 0.27 0.62 0.44
12191 3/5/98 iUranium-238 [ 149 0.338 1.04]  0269] V1 [ pCift 0.45 0.43 1.04
12191 4/28/98 |Uranium-233/234 | 1.6303 03391, 1.8459] 03412 pCi/L 0.22 0.48 0.45
12193 4/28/98 {Uranium-238 | 12716 0.2981 1.2971] 02902 pCi/L 0.03 0.42 0.06
12191 12/15/98 iUraonium-233/234 | 21 0.679] V1 22! 0667 pCift 0.10 0.95 011
1219 12/15/98 {Uranium-238 (113 0.439] Vi 1.08] 0403 pCi/L 0.05 0.60 0.08
3586 3/16/98 |Uronivm-233/234___ 3.01 0.650 228 0570 pCit | 0.73 0.86 0.84
3586 3/16/98 [Uronium-238 191 04911 2.73]  0.637 pCi/t i 0.82 0.80 1.02
3586 6/5/98 [ Americium-24] 00108 J 0.0068 0.0101] 0.0078 pCi/L | 0.00 0.01 0.07
3586 6/5/98 |Uranium-233/234 | 2.2001 0.27521 2.2748]  0.2711 pCi/L | 0.07_ 0.39 0.19
3586 6/5/58 [Uranium-235 - 0072] J 0.0604 0.1299] 0066 pCi/L | J 0.02 0.09 0.25
3586 6/5/98 !Uranivm-238 1.6167 0.2357 15891]  0.2259 pCi/L 0.03 0.33 0.08
3586 10/20/98 |Uranium-233/234 | 2.44 0.741] v 2.28] 0687 pCi/L 0.16 1.0 0.16
3586 10/20/98 [Uranium-238 | 2.02 0.643] v 1.77] 0570 pCi/L 0.25 0.86 0.29
41591 2/26/98 |Americium-241 1 0.007 0.012 0.018] 0015 pCi/L 0.01 0.02 0.57
41591 2/26/98 |Piutonium-239/240 | 0.014 0.016 0.008] _ 0.011 pCi/L 0.01 0.02 0.31
41591 2/26/98 |Uronium-233/234 | 105, . 138 109 1.40 pCi/t 0.40 1.97 0.20
41591 2/26/98 |Uranivm-235 | 0.316] 0.202 0.347] 0211 pCi/L 0.03 0.29 0.1}
41591 2/26/98 |Uranivm-238 8.2 116 7.56 1.09 pCil 0.64 1.59 0.40
41591 8/27/98 |Americium-241 0015 0016 0.004] 0020 pCi/L 0.01 0.03 043 |
41591 8/27/98 |Plutonium-239/240 0 0.009 -0.001] _ 0.007 pCi/L 0.00 0.01 0.09
41591 8/27/98 | Tritium -328 180 -130 180 pCi/L 198.00 254.56 0.78
41591 8/27/98 Uranium-233/234 9.05 137 9.61 1.56 pCi/L 0.56 2.08 027
41591 8/27/98 (Uranium-235 0.602 0.307 019 0190 pCi/L 0.4} 0.36 V.14
41591 8/27/98 |Uranium-238 832 1.29 9.7 1.5 pCi/t 085 199 0.43
5887 8/31/98 | Trifium -324 74 266] 160 pCi/t 58.00 236.38 0.25
5887 12/14/98 [Uronium-233/234 . 0.071, 1§ 0.083] Vi 0073 0.086 pCi/l | 4 0.00 0.2 0.02
70193 2/26/98 |Uronium-233/234 | 0.025 0.049 | 02061 0147 pCi/t 0.18 0.15 117
70193 2/26/98 |Uranium-235 _ 0.018 0.066 ; 0 0.000 pCi/L 0.02 0.07 0.27
70193 2/26/98 |Uranium-238 0.367 0.192 [ 0.434] 0214 pCill | ~ 0.07. 0.29 023
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Table 2-2

Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs)

Groundwater 1998

] | |
Sample ‘J t Real R'eul Real Dup I?UP Dup N Dup Difference sq".u'e Root .
Well Date i Analyte E Result { 2::_?::“ Valid \ Result 2::_?::_“ Valid Units RQe::I‘f Real-Dup (zzss-;l;e:;; DER Diff/SarRy
Radionuclides
70193 7/14/98 [Trifum 8] [ 1zl T 2 118 [ pCilL [ 9600 | 16901 | 057
70193 11/30/98 |Uranium-238 0.238 0.166 \ 0.248 0.174 pCi/L J 0.01 0.24 0.04
L 70393 8/26/98 |Tritium 200 184 97.6 183 pCi/L 10240 259.51 0.39
70373 8/26/98 |Uranium-233/234 | 0.095 i 0109 0.145 0.130 pCi/t 0.05 017 0.29
70393 8/26/98 |Uranium-235 T 0.005 | 0.076 0.032]  0.064 pCi/t | | 003 0.10 0.27
70393 8/26/98 {Uranium-238 0.265 0.170 0.067 0.092 pCi/L 0.20 0.19 1.02
891COLGAL | 8/20/98 |Uranium-233/234 5.96 1.06 6.25 1.09 pCi/L 0.29 1.52 0.19
891COLGAL | 8/20/98 {Uranium-235 i 0.302 0.216 0.112 0.130 pCi/L 0.19 0.25 Q.75
891COLGAL | 8/20/98 |Uranium-238 { 517 0.969 3.96 0.809 pCi/t i 1.21 1.26 0.96
891COLWEL | 8/20/98 |Uranium-233/234 1.7 1.64 11.7 1.68 pCi/L 0.00 2.35 0.00
| 891COLWEL | 8/20/98 |Uranium-235 0.334 0.214 0.301] 0215 pCi/L 0.03 0.30 0.11
891COLWEL | 8/20/98 |Uranium-238 8.59 1.30 7.66 1.23 pCi/t 0.93 1.79 0.52
$209489 5/14/98 Tritium 26596 138 382134 143 pCi/L [ 11617 198.73 0.58
P209489 5/14/98 |Uranium-233/234 | 13.3387 0.966 13.3111 1.00 pCi/L 0.03 1.39 0.02
P209489 5/14/98 |Uranium-235 i 0.657 0.214 1.1792 0.300 pCi/L 0.52 0.37 1.42
 P209489 | 5/14/98 |Uranium-238 | 10,6819 0.864 12.3758]  0.965] pCi/L 1.69 1.30 131
SW13494 11/2/98 Uraniom-233/234 | 335 R 0.889 Vi 4N 0.886 pCi/L 1.56 1.26 1.24
SW13494 11/2/98 {Uranium-235 0.154 0.145 Vi 0.342 0.230 pCi/L 0.19 0.27 0.69
SW13494 11/2/98 [Uranium-238 2.28 0.692 Vi 3.88 0.782 pCi/L 1.60 1.04 1.53
Note: DER values greater than the 1.96 QC criterion are indicated in bold font.
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Table 2-2

Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs)
Groundwater 1998

Location s;’:::' e Analyte Real Result: ke'g::: ult Real Valid | Dup Result Duz::'sull Dup Valid Units Dklf:l'_';:‘; (Re‘:;:';::) /2 RPD x‘lz:" Avg
Volatile Organic Compounds
02291 12/4/98 |1,1,1-Trichloroethane 3 v 4 ug/L 1.00 3.50 28.57
02291 12/4/98 |1,1-Dichloroethane 2 v 2 vg/L 0.00 2.00 0.00
02291 12/4/98 [1,1-Dichloroethene 6 J 6 vg/L 0.00 6.00 0.00
02291 12/4/98 |Chloroform 3 \ 3 8] ug/L 0.00 3.00 0.00]
02291 12/4/98 |cis-1,2-Dichloroethene 17 i 20 \4 ug/L 3.00 18.50 16.22
02291 12/4/98 _|Methylene Chloride 0.9 BJ JB 0.8(BJ ug/L 0.10 0.85 11.76
02291 12/4/98 |Tetrachloroethene 3400 D N 5700(D i vg/L 2300.00 4550.00 50.55
02291 12/4/98 |Trichloroethene 450 D v 620|D \Al ug/L 170.00 535.00 31.78
03991 8/6/98 |Carbon Tetrachloride 40 D 41|D V1 vg/L 1.00 40.50 2.47
03991 8/6/98 | Chloroform 2 D 2 un vg/L 0.00 2.00 0.00!
03991 8/6/98 |Tetrachloroethene 11 11 ug/t 0.00 11.00 0.00
03991 8/6/98 |Trichloroethene 6 [ ug/L 0.00 6.00 0.00
05091 8/26/98 |Carbon Tefrachloride 0.8 J 0.7} vg/L 0.10 0.75 13.33
05091 8/26/98 |Chromium 2.4 2.3 \a ug/L 0.10 2.35 4.26
05091 8/26/98 |Tetrachloroethene 3 3 v vg/L 0.00 3.00 0.00
10498 8/12/98 |Tetrachloroethene 9 15 ug/L 4.00 12.00 50.00
10498 8/19/98 |Methylene Chloride 0.6 j] J 0.6}) ug/L 0.00 0.60 0.00
10498 8/19/98 |Teirachloroethene 5 4 vg/L 1.00 4.50 22.22
11891 3/5/98 11,1,1-Trichloroethane 3 3 ug/L 0.00 3.00 0.00
11891 3/5/98 |1,1-Dichloroethene 3 4 vg/L 1.00 3.50 28.57
11891 3/5/98 | Carbon Tetrachloride 460 460|D ug/t 0.00 460.00 0.00
11891 3/5/98 | Chloroform 13 14 vg/L 1.00 13.50 741
11891 3/5/98 |cis-1,2-Dichloroethene 15 16 ug/L 1.00 15.50 6.45
11891 3/5/98 |Tetrachioroethene 250 260iD ug/L 10.00 255.00 3.92
11891 3/5/98 |Trichloroethene 54 60D ug/L 6.00 57.00 10.53
11891 6/11/98 |1,1,1-Trichloroethane ] 1 ug/L 0.00 1.00 0.00
11891 6/11/98 {1,1-Dichloroethene 2 2 J vg/L 0.00 2.00 0.00
11891 6/11/98 |Carbon Tetrachloride 180 D 160|D Vi vg/L 20.00 170.00 11.76
11891 6/11/98 |Chloroform 8 9 J vg/L 1.00 8.50 11.76
11891 6/11/98 |cis-1,2-Dichloroethene 9 D 9 1 vg/L 0.00 .00 0.00
11891 6/11/98 |Tetrachloroethene 92 D 851D N2l ug/L 6.00 89.00 6,74
11891 6/11/98 |Trichloroethene 24 26 J ug/L 2.00 25.00 8.00
11821 11/19/98 11,1 ,1-Trichloroethane 0.7 4 N 2 vg/L 1.30 1.35 96.30
11891 11/19/98 |1,1-Dichloroethene 1 3 3 \2l ug/L 2.00 2.00 100.00
11891 11/19/98 | Carbon Tetrachloride 430 D Vi 430D J1 vg/L 0.00 430.00 0.00
11891 11/19/98 | Chiloroform 5 i 15 Vi ug/L 10.00 10.00 100.00
11891 11/19/98 jcis-1,2-Dichloroethene 20 DJ J 211DJ Vi ug/L 1.00 20.50 4.88
11891 11/19/98 |Tetrachloroethene 500 D Vi 210/D Vi vg/L 290.00 355.00 81.69
11891 11/19/98 | Trichloroethene 80 D 3 461D B} ug/L 34.00 63.00 53.97
12191 3/5/98 |1,1,1-Trichloroethane 2 3 N ug/t 1.00 2.50 40.00
12191 3/5/98 |1,1-Dichloroethene 2 3 Vi ug/L 1.00 2.50 40.00
12191 3/5/98 |Carbon Tetrachloride 240 220D vg/L 20.00 230.00 8.70
12191Y 3/5/98 |Chloroform 5 6 Vi vg/L 1.00 5.50 18.18
12191 3/5/98 |cis-1,2-Dichloroethene 10 10 Vi vg/t 0.00 10.00 0.00
12191 3/5/98 |Tetrachloroethene 290 280|D ug/L 10.00 285.00 3.51
12191 3/5/98 |Trichloroethene 53 461D ug/L 7.00 49.50 14.14
1219 4/28/98 |1,1,1-Trichloroethane 6 5 un vg/L 1.00 5.50 18.18
12191 4/28/98 |1,1-Dichloroethene 7 [ Vi ug/L 1.00 6.50 15.38
12191 4/28/98 |Carbon Tefrachloride 220 220 Vi ug/L 0.00 220.00 0.00
1219 4/28/98 |Chloroform 1 10 Vi ug/L 1.00 10.50 9.52
12191 4/28/98 |cis-1,2-Dichloroethene 9 8 Vi ug/t 1.00 8.50 11.76
12191 4/28/98 |Tetrachloroethene 210 190 Vi vg/t 20.00 200.00 10.00
12191 4/28/98 |Trichloroethene 27 24 Vi ug/t 3.00 25.50 11.76
12191 12/15/98 |Carbon Tetrachloride 140 J 140 vg/L 0.00 140.00 0.00
12191 12/15/98 | Chloroform 5 J 5 ug/L 0.00 5.00 0.00
12191 12/15/98 |cis-1,2-Dichloroethene 8 4 [ ug/L 2.00 7.00 28.57
12191 12/15/98 [Methylene Chloride 3 B uJ 3|8 ug/L 0.00 3.00 0.00
12191 12/15/98 |Tetrachloroethene 170 J 170 ug/L 0.00 170.00 0.00
121N 12/15/98 | Trichloroethene 25 J 24 ug/L 1.00 24.50 4.08
3586 6/5/98 11,1,1-Trichloroethane 1 ! ug/L 0.00 1.00 0.00
3586 6/5/98 |1,1-Dichloroethane 19 1? ug/L 0.00 19.00 0.00
3586 6/5/98 |cis-1,2-Dichloroethene 9 8 vg/L 1.00 8.50 11.76
3586 6/5/98 |trans-1,2-Dichloroethene 0.6 J 0.5 Ul ug/l 0.10 0.55 18.18
3586 6/5/98 |Trichloroethene i i ug/L 0.00 1.00 0.00
3586 6/5/98 | Vinyl Chloride 14 14 vg/L 0.00 14.00 0.00
3586 10/20/98 | 1,1,1 -Trichloroethane 1 Vi i ug/L Q.00 1.00 0.00
3586 10/20/98 | 1,1-Dichlorcethane 39 \2 40 ug/L 1.00 39.50 2.53
3586 10/20/98 |Benzene 0.8 3 bl 091 ug/L 0.10 0.85 11.76
3586 10/20/98 icis-1,2-Dichloroethene 10 Vi 12 ug/l 2.00 11.00 18.18
3586 10/20/98 | Methylene Chioride 0.7 BJ JB1 0.81BJ ug/t 0.10 0.75 13.33
3586 10/20/98 {trans-1,2-Dichlorcethene 08 J Vi 08}J vg/L 0.00 0.80 0.00
3586 10/20/98 | Trichloroethene 0.7 J Vi 0.8 vg/t 0.10 0.75 13.33
3586 10/20/98 |Vinyl Chloride 34 Vi 3% ug/L 5.00 36.50 13.70
5887 8/31/98 |Chromium 2 2 ug/t 0.00 2.00 0.00
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Table 2-2
Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs)
Groundwater 1998

Location S;r:',.;le Anatyte Real Result Reuql::lsuh Real Valid | Dup Result D”;ﬁ::uh Dup Valid Units ':f:;;’:: (Re‘:vlrl;?;) /2 RPD nD»:f/Avg
Volatile Organic Compounds

70193 7/14/98 |1,1,1-Trichloroethane 0.2 J 0.2(J R1 vg/L 0.00 0.20 0.00;
70193 7/14/98 [Methylene Chloride 2 J 1) va/t 1.00 1.50 66.67
70193 9/29/98 |Methylene Chioride 4 4 vg/L 0.00 4.00 0.00!
70393 12/14/98 |1,1,1-Trichloroethane 28 J 30 ug/L 2.00 29.00 6.90
70393 12/14/98 |1,1-Dichloroethene 14 J 16 vg/L 2.00 15.00 13.33
70393 12/14/98 | Carbon Tetrachloride 0.7 J i 08} Ji vg/L 0.10 0.75 13.33
70393 12/14/98 |Tetrachloroethene 7 J 7 vg/L 0.00 7.00 0.00
70393 12/14/98 | Trichloroethene 21 J 22 ug/L 1.00 21.50 4.65
891COLGAL| 8/20/98 |Methylene Chioride 0.7 J 0.8[J vg/L Q.10 0.75 13.33
891COLGAL| 8/20/98 |Trichloroethene 0.7 J 1 ug/l 0.30 0.85 35.29
891COLWEL] 8/20/98 |1,1,1-Trichloroethane 0.6 J 0.7 vg/L 0.10 0.65 15.38
891COLWEL| 8/20/98 |1,1-Dichloroethene 3 3 vg/l 0.00 3.00 0.00:
891COLWEL| 8/20/98 |Carbon Tetrachloride 12 12 vg/L 0.00 12.00 0.00;
891COLWEL| 8/20/98 |Chloroform 08 J 0914 vg/L 0.10 0.85 11.76
891COLWEL| 8/20/98 |Methylene Chioride 0.8 J 0.8[J vg/L 0.00 0.80 0.00
891COLWEL| 8/20/98 |Teirachloroethene 13 13 ug/L 0.00 13.00 0.00;
891COLWEL 8/20/98 |Trichlorosthene 100 D 100|D Al ug/L 0.00 100.00 0.00
P209489 | 5/14/98 |1,1-Dichioroethene 0.6 J 11D ug/L 0.40 0.80 50.00
P209489 | 5/14/98 |Carbon Tetrachloride 52 D 44|D Uil vg/L 8.00 48.00 16.67
P209489 | 5/14/98 |Chloroform 20 D 17|10 Vi vg/L 3.00 18.50 16.22
P209489 | 5/14/98 |cis-1,2-Dichloroethene 10 D 10 Vi1 ug/L 0.00 10.00 0.00
P209489 | 5/14/98 |Methylene Chioride 3 B 6D ug/L 0.00 6.00 0.00
P209489 | 5/14/98 |Tefrachloroethene 3 D 3 \2} ug/L 0.00 3.00 0.00
P209489 | 5/14/98 Trichloroethene 43 D 55|D N4 ug/L 8.00 59.00 13.56
SWI13494 | 11/2/98 |cis-1,2-Dichloroethene 2 Vi 0.91) ug/L 1.10 1.45 75.86
SW13494 11/2/98 |Meihylene Chloride 5 B ui 2 ug/L 3.00 3.50 85.71
SW13494 11/2/98 !Tetrachloroethene 40 Vi 18 ug/L 22.00 29.00 75.86
SW13494 11/2/98 |Trichloroethene 3 Vi 1 ug/L 2.00 2.00 100.00

Note: RPD values greater than the 30% QC criterion are indicated in bold font.
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: Table 2-2
Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs)
Groundwater 1998

Location Sc;:::le Analyte Real Resuly Reu‘;:::u" Rea) Valid | Dup Result Duz::lsuh Dup Valid Units I::f;tebr:'c: (Re:‘l'i':s:) /2 RPDXD;:é/Avg
Metals
02291 12/4/98 |Barium 172 E 194 E J ug/L 22.00 183.00 12.02
02291 12/4/98 |Calcium 65700 E 73900 E J ug/L 8200.00 69800.00 11.75
0229 12/4/98 |Magnesium 19100 E 21400 E J ug/L 2300.00 20250.00 11.36
02291 12/4/98 |Sodium 16200 E 17900 £ UJ vg/L 1700.00 17050.00 9.97
02291 12/4/98 {Strontium 563 E 637 E J ug/L 74.00 600.00 12.33
02291 12/4/98 |Thallium 1.1 N 1.5 N 1 ug/L 0.40 1.30 30.77
03991 8/6/98 |Barium 239 234 ug/L 5.00 236.50 2.11
03991 8/6/98 |Calcium 124000 E 122000 E J ug/L 2000.00 123000.00 1.63
03991 8/6/98 |Magnesium 13900 13500 ug/L 400.00 13700.00 2.92
03991 8/6/98 |[Sodium 16200 E 16000 E Uil ug/L 200.00 16100.00 1.24
03991 8/6/98 |Strontium 498 487 ) ug/L 11.00 492.50 2.23
05091 8/26/98 |Barium 168 167 v ug/L .00 167.50 0.60
05091 8/26/98 |Calcium 100000 101000 Vi ug/L 1000.00 100500.00 1.00
05091 8/26/98 |Magnesium 16300 16700 V1 ug/L 400.00 16500.00 2.42
05091 8/26/98 iSodium : 31300 30300 J1 ug/L 1000.00 30800.00 3.25
05091 8/26/98 Strontivm 588 587 ug/L 1.00 587.50 0.17
10498 8/12/98 {Aluminum 50.8 E i) 43.3 E Vi ug/L 7.50 47.05 15.94
10498 8/12/98 |Calcium 32000 34300 vg/L 2300.00 33150.00 6.94
10498 8/12/98 |Chromium 291 N Fl 2.9 N 1 ug/L 0.00 2.90 0.00
10498 8/12/98 |Copper 4.8 5 ug/L 0.20 4.90 4.08
10498 | 8/12/98 |lead 1.8 1.9 ug/L 0.10 1.85 541
10498 8/12/98 |Manganese 52 45.9 ug/L 6.10 48.95 12.46
10498 8/12/98 |Selenium 2.7 N J1 2.7 N 1 ug/L 0.00 2.70 0.00
10498 '8/12/98 |Sodium 146000f 136000 ug/L 10000.00 141000.00 7.09
10498 8/12/98 |Zinc 29.4] Uil 56.4 ug/L 27.00 42.90 62.94
11891 3/5/98 |Barium 2241 Vi 221 ug/L 3.00 222.50 1.35
11891 3/5/98 [Calcium 121000 Vi 120000 ug/L 1000.00 120500.00 0.83
11891 3/5/98 Magnesium 11400 V1 11300 ug/L 100.00 11350.00 0.88
11891 3/5/98 (Sodium 18800] Vi 18800 vg/L 0.00 18800.00 0.00
11891 3/5/98 Strontium 422 V1 418 ug/L 4.00 420.00 0.95
11891 6/11/98 Barium 224 210 J ug/L 14.00 217.00 6.45
11891 6/11/98 |Calcium 117000: 110000 UJ1 ug/L 7000.00 113500.00 6.17
11891 6/11/98 |Magnesium 11800 B 10900 Vi ug/L 900.00 11350.00 7.93
118921 6/11/98 (Selenium | 24 N 1.4 N* 1 ug/L 1.00 1.90 52.63
11821 6/11/98 Sodium 31200 c 29500 £ Vi ug/L 1700.00 30350.00 5.60
11891 6/11/98 iStrontium 407 N 381 N 1 ug/L 26.00 394.00 6.60
11821 11/19/98 {Barium 2200 Vi 213 Vi ug/L 7.00 216.50 3.23
11891 11/19/98 |Calcium 111000 \a! 108000 \2i vg/L 3000.00 109500.00 2.74
11891 11/19/98 |Magnesium ooy Vi 10700 Vi vg/L 400.00 10900.00 3.67
11891 11/19/98 {Sodium 18000 Vi 17700 Vi ug/L 300.00 17850.00 1.68
11891 11/19/98 |Strontium 404 Vi 392 Ul vg/L 12.00 398.00 3.02
12191 3/5/98 |Calcium 134000 1 135000 V1 ug/L 1000.00 134500.00 0.74
12191 3/5/98 |Magnesivm {10700} 1 10700 J1 ug/L 0.00 10700.00 0.00
12191 3/5/98 |Sodium 12300 1 12400 Vi ug/L 100.00 12350.00 0.81
12191 3/5/98 |Strontium A3 i 433 ujl ug/L 2.00 432.00 0.46
121N 4/28/98 |Barium 165 157 V1 ug/L 8.00 161.00 4.97
12191 4/28/98 |Calcium 133000} 125000 Vi ug/L 8000.00 129000.00 6.20
12191 4/28/98 iMagnesium 10300 9720 ug/L 580.00 10010.00 579
12191 4/28/98 |Sodium 12700 12100 ug/L 600.00 12400.00 4.84
12191 4/28/98 (Strontium | 399 380 ug/L 19.00 389.50 4.88
12191 12/15/98 |Barium 181 Vi 194 ug/L 13.00 187.50 6.93
1219 12/15/98 |Calcium 121000 Vi 129000 ug/L 8000.00 125000.00 6.40 -
12191 12/15/98 |Strontium 390 Vi 419 ug/L 29.00 404.50 7.17
3586 6/5/98 iAluminum 20.8 o 40.1 * ug/L 19.30 30.45 63.38
3586 6/5/98 |Arsenic L 2.8 2.7 ug/L 0.10 275 3.64
3586 6/5/98 Calcium T 131000 129000 ug/L 2000.00 130000.00 1.54
3586 6/5/98  lron 2380 2370 ug/L 10.00 2375.00 0.42
3586 6/5/98 [Magnesium 34500 34200 ug/L 300.00 34350.00 0.87
3586 6/5/98 [Mangonese 4180 3 4110 ug/L 70.00 4145.00 1.69
3586 6/5/98 [Sodium 162000 E 157000 £ \'2 ug/L 5000.00 159500.00 3.13
3586 6/5/98 |Strontium 828 N 814 N i ug/L 14.00 821.00 1.71
3586 10/20/98 | Arsenic ! 2.4 _ \4 2.6 ug/L 0.20 2.50 8.00
3586 10/20/98 |Calcium . 134000 R J 129000 ug/L 5000.00 131500.00 3.80
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Table 2-2

Relative Percent Differences (RPDs) and Duplicate Error Ratios (DERs)
Groundwater 1998

Location s;':::e Analyte Real Result Requg:ls W8 peal Valid | Dup Resuit Duz::'suh Dup Valid Units l::;':;’:f: ® ::::?3:)/2 RPD:':("/AVS
Metals
3586 | 10/20/98 |Iron i 2310 J 2190 ug/L 120.00 2250.00 5.33
3586 | 10/20/98 |Magnesivm | 37500 B J 35600 ug/L 1900.00 36550.00 5.20
3586 10/20/98 |Manganese | 4270: J 4060 ug/L 210.00 4165.00 5.04
3586 | 10/20/98 [Sodism L 163000 J 156000 ug/L 7000.00 159500.00 4.39
3586 | 10/20/98 [Strontium | 932 J 886 ug/L 46.00 909.00 5.06
5887 5/26/98 |Calcium 18300 17500 g/t 800.00 17900.00 4.47
5887 | 5/26/98 |Copper 3.6 33 ug/L 0.30 3.45 8.70
5887 | 5/26/98 |Selenium 17 1.3 g/t 0.40 1.50 26.67
5887 | 5/26/98 [Sodium 6040 E 5870]  E Vi g/t 170.00 5955.00 2.85
5887 8/31/98 |Calcium 20300 20200 ug/L 100.00 20250.00 0.49
5887 | 8/31/98 |Sodium 7190 6890 ug/L 300.00 7040.00 4.26
5887 | 12/14/98 |Aluminum | 20.4 u 18 ug/L 2.40 19.20 12.50
5887 | 12/14/98 Calcium i 20400 Vi 19500 ug/L 900.00 19950.00 4.51
5887 | 12/14/98 |Chromivm | 3] Vi 3.2 ug/L 0.10 315 3.17
5887 | 12/14/98 |Copper 4.6 v 45 ug/L 0.10 4.55 2.20
70193 | 7/14/98 |Aluminum 352 ; 28.2 ug/L 7.00 31.70 22.08
70193 | 7/14/98 |Calcium 23300 - 25600 g/ 2300.00 24450.00 9.41
70193 | 7/14/98 |Selenium 39 4.9 ug/L 1.00 440, 2273
70193 | 7/14/98 [Sodium L 13400 13500 ug/L 100.00 13450.00 0.74
70193 | 11/30/98 Aluminum | 415 49.7 ' g/l 8.20 45.60 17.98
70193 | 11/30/98 iCalcium 20700 E 19700 E Vi ug/t 1000.00 20200.00 4.95
70193 | 11/30/98 iSodium 10800 E 10700 E Vi ug/L 100.00 10750.00 0.93
70193 [ 11/30/98 Strontium 240 E 138 E Vi ug/L 102.00 189.00]  53.97
70393 | 8/26/98 |Aluminum | 19.1 : 19.2 g/l 0.10 19.15 0.52
70393 | 8/26/98 |Calcium 203000 | 20800 ) ug/L 500.00 20550.00 2.43
70393 | 8/26/98 |Sodium | 13200 ’ 112900 ug/L 300.00 13050.00 2.30
70393 12/14/98 [Calcium 18000 V1 16800 ug/L 1200.00 17400.00 6.90
891COLGAL| 8/20/98 |Arsenic ‘ 7l 1.8 g/t 0.10 1.75 5.71
891COLGAL 8/20/98 |Barium | 7370 140 i ug/L 66.30 10685  62.05
891COLGAL| 8/20/98 |Calcium i 61800 114000 - ug/L 52200.00 87900.00]  59.39
891COLGAL| 8/20/98 !Selenium | 15, N 143 N 1 g/l 0.70 14.65 4.78
891COLGAL| 8/20/98 'Strontium = 5231 996 ug/L 473.00 759.50,  62.28
891COLGAL| 8/20/98 |Zinc : 21, - vg/L 6.00 118.00 5.08
891COLWEL 8/20/98 Barium ; 69.7 g/t 1.20 69.10 1.74
891COLWEL] 8/20/98 |Calcium , i 170000 , ug/L 3000.00 168500.00 1.78
891COLWEL| 8/20/98 |Magnesium 37200 f 37900 - g/l 700.00 37550.00 1.86
891COLWEL] 8/20/98 |Nickel 24.1; 24] ug/L 0.10 24.05 0.42
891COLWEL| 8/20/98 Selenium 470, N 457 N ! ug/L 13.00 463.50 2.80
891COLWEL] 8/20/98 Sodium 143000 141600 vg/l 2000.00 142000.00 1.41
891COLWEL| 8/20/98 [Strontium 12801 1310 g/t 30.00 1295.00 2.32
P209489 | 5/14/98 iAntmony | 2] W 13w ] ug/L 0.70 1.65]  42.42
P209489 | 5/14/98 |Cadmiom 036 N 03] N 1 g/l 0.06 0.33 18.18
P209489 | 5/14/98 |Calcium  : 136000 135000 vg/L 1000.00 135500.00 0.74
P209489 | 5/14/98 Magnesium 23500 23200 ug/L 300.00 23350.00 1.28
P209489 | 5/14/98 {Sodium 229000f 232000 ug/L. 3000.00 230500.00 1.30
P209489 | 5/14/98 |Strontium 644, 638 ug/L 6.00 641.00 0.94
SW13494 | 11/2/98 |Barium 1400 E ¢ 162 Vi g/l 22.00 151.00 14.57
SW13494 | 11/2/98 |Calcium 80300 E | 95000 Ui vg/L 14700.00 87650.00 16.77
SW13494 | 11/2/98 (Sodium 425000 E | 50400 V1 g/l 7900.00 46450.00 17.01
SW13494 | 11/2/98 iStrontium 6020 E | 723 0 ug/L 121.00 662.50 18.26
SW13494 | 11/2/98 |Zinc 57.5! ; 50.9 ug/L 6.60 54.20 12.18
Note: RPD values greater than the 30% QC criterion are indicated in bold font.
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Table 2-3
Summary of RPD and DER Results
Groundwater 1998

Number of Number of Duplicates

QC Criterion for Overall Precision

Analytical Suite RPD or DER Value RPD/DER Pairs Within RPD or DER Compliance
Calculated Criterion
Metals less than 30% 114 105 92.1%
Volatile Organic Compounds less than 30% 102 85 83.3%
Radionuclides less than 1.96 88 87 98.9%
Water Quality Parameters less than 30% 48 47 97.9%

Note: Calculations not made for results qualified as undetected for any analyte. This includes "R" validated data, "U"
qualified VOC, data, and "U" and "B" qualified inorganic data.
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Table 2-

4

Comparison of Analytical Methods and Detection Limits
Groundwater 1998

Percent at or

CAS# Analyte Requil;:‘d :n:lyﬁcul Aciu:ll‘ A:a:’yﬁcal Re:uired Below Units
etho ethe RDL Required CRDL
Volatile Organic Compounds

630-20-6 {1,1,1,2-Tetrachloroethane EPA 524.2 EPA 524.2 i 98% ug/L
71-55-6 11,1,1-Trichloroethane EPA 524.2 EPA 524.2 1 99% ug/L
79-34-5 11,1,2,2-Tetrachloroethane EPA 5242 EPA 524.2 1 100% vg/L
79-00-5 |1,1,2-Trichloroethane EPA 524 .2 EPA 524.2 ] 100% ug/L
75-34-3 | 1,1-Dichloroethane EPA 524.2 EPA 524.2 1 99% vg/L
75-35-4 |1,1-Dichloroethene EPA 524.2 EPA 524.2 1 100% ug/L
563-58-6 |1,1-Dichloropropene EPA 524.2 EPA 524.2 ] 98% ug/L
87-61-6 |1,2,3-Trichlorobenzene EPA 524.2 EPA 524.2 1 98% ug/L
96-18-4 |1,2,3-Trichloropropane EPA 5242 EPA 5242 1 98% ug/L
120-82-1 |1,2,4-Trichlorobenzene EPA 5242 EPA 524.2 ] 99% ug/L
95-63-6 |1,2,4-Trimethylbenzene EPA 524.2 EPA 524.2 1 98% ug/L
96-12-8 |1,2-Dibromo-3-chloropropane EPA 5242 EPA 524.2 1 100% ug/L
106-93-4 {1,2-Dibromoethane EPA 524.2 EPA 524.2 1 928% ug/L
95-50-1 |1,2-Dichlorobenzene EPA 524.2 EPA 524.2 1 99% ug/L
107-06-2 |1,2-Dichloroethane EPA 5242 EPA 524.2 1 _ 100% vg/L
78-87-5 |1,2-Dichloropropane EPA 524.3 EPA 524.2 1 100% ug/L
95-47-6 11,2-Xylene EPA 524 .4 EPA 524.2 1 96% ug/L
000-00-0 |1,3-and 1,4-Xylene EPA 524.5 EPA 524.2 1 96% ug/L
108-67-8 |1,3,5-Trimethylbenzene EPA 524.2 EPA 524.2 1 98% | ug/L
541-73-1 11,3-Dichlorobenzene EPA 5242 EPA 524.2 1 99% ug/L
142-28-9 ],3-Dich|oropropa;xe B EPA 524.2 EPA 524.2 1 98% ug/L
106-46-7 |1,4-Dichlorobenzene EPA 524.2 | EPADS2472 ] 99% ug/L
594-20-7 12,2-Dichloropropane EPA 524.2 EPA 524.2 1 98% ug/L
95-49-8 |2-Chlorotoluene EPA 524.2 EPA 524.2 1 98% ug/L
106-43-4 |4-Chlorotoluene EPA 524 .2 EPA 524 .2 1 98% ug/L
99-87-6 |4-lsopropyltoluene EPA 524.2 EPA 524.2 i 98% ug/L
71-43-2 |Benzene EPA 524 .2 EPA 524.2 1 100% ug/L
108-86-1 |Bromobenzene EPAS242 EPA 524.2 i 98% ug/L
74-97-5 |Bromochloromethane EPA 524.2 _ EPAS242 1 98% ug/L
75-27-4 _ |Bromodichloromethane EPA 5242 EPA 524.2 ] 99% ug/L
75-25-2  |Bromotorm L ) EPA 524.2 EPA 524.2 1 99% ug/L
74-83-9 |Bromomethane ) EPA 524.2 EPA 524.2 1 100% ug/L
56-23-5 |Carbon Tetrachloride EPA 524 2 EPA 524.2 1 99% ug/L
108-90-7 |Chlorobenzene 3 EPA 524 .2 EPA 524.2 ] 99% ug/L
75-00-3 |Chloroethane i EPA 5242 EPA524.2 i 98% ug/L
67-66-3 {Chloroform EPA 5242 EPA524.2 1 98% ug/L
74-87-3 |Chloromethane EPA 524.2 EPA 524.2 1 100% ug/L
156-59-2 |cis-1,2-Dichloroethene EPA 524.2 EPA 524.2 1 98% ug/L
10061-01-5]cis-1,3-Dichloropropene EPA 524.2 EPA 524.2 1 100% ug/L
124-48-1" |Dibromochloromethane EPA 524.2 EPA 524.2 1 100% ug/L
| 74-95.3 |Dibromomethane EPA 5242 EPA 524.2 1 98% ug/L
75-71-8 |Dichlorodifluoromethane EPA 5242 EPA 524.2 1 98% ug/L
100-41-4 |Ethylbenzene FPA 524.2 EPA 524 .2 1 99% | ug/L
87-68-3 [Hexachlorobutadiene EPA 524.2 EPA 524.2 1 100% I ug/L
98-82-8 |lsopropylbenzene EPA 524.2 EPA 524.2 1 ?28% vg/L
75-09-2_|Methylene Chloride | EPA 524.2 EPA 524.2 ] 99% ug/L
91-20-3 |Naphthalene EPA 5242 EPA 524.2 1 99% vg/L
104-51-8 |n-Butylbenzene EPA 5242 EPA 524.2 1 98% ug/L
103-65-1 |n-Propylbenzene EPA 524.2 EPA 524.2 ] 98% ug/L

135-98-8 |sec-Butylbenzene EPA 524.2 EPA 5242 1 98% ug/L
100-42-5 |Styrene ~ EPA 5242 EPA 524.2 1 99% ug/L
98-06-6 |tert-Butylbenzene ~ EPA 524.2 EPA 524.2 1 98% ug/L
127-18-4 {Tetrachloroethene EPA 5242 EPAS242 | 1 99% ug/L
108-88-3 | Toluene  EPAS242 EPA 524 .2 1 99% ug/L
1330-20-7 |Total Xylenes EPA 5242 EPA 524.2 1 100% ug/L
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Table 2-4

Comparison of Analytical Methods and Detection Limits
Groundwater 1998

‘ CAS# Analyte | Required Analytical Actual Analytical Required Per::;;‘:t or Units
! Method Method CRDL .,
!’ Required CRDL_
156-60-5 |trans-1,2-Dichloroethene EPA 524.2 EPA 524.2 1 99% ug/L
10061-02-6 |trans-1,3-Dichloropropene EPA 524.2 EPA 5242 1 100% ug/L |
79-01-6 |Trichloroethene EPA 5242 EPA 524.2 1 96% ug/L
75-69-4 |Trichlorofluoromethane EPA 524.2 EPA 524.2 ] 98% ug/L
75-01-4 Vinyl Chloride EPA 524.2 EPA 524.2 1 100% ug/L
Metals
7429-90-5 |Aluminum CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 17 100% | ug/t
7440-36-0 |Antimony CLP-SOW-Dissolved CLP-SOW {Diss. & Total) ] 54% ug/L
7440-38-2 |Arsenic CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 1 44% ug/L
7440-39-3 |Barium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 100 100% ug/L
7440-41-7 |Beryllium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) ] 100% ug/L
7440-43-9 |Cadmium CLP-SOW-Dissolved CLP-SOW (Diss. & Total} 0.3 48% ug/L
7440-70-2 |Calcium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 5000 100% vg/L
7440-47-3 |Chromium "CLP-SOW-Dissolved | CLP-SOW (Diss. & Total) 2 100% vg/L
7440-48-4 |Cobalt CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 50 100% ug/L
7440-50-8 |Copper CLP-5OW-Dissolved CLP-SOW (Diss. & Total} 3 100% ug/L
7439-89-6 ilron CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 100 100% ug/L
7439-92-1 |lead 3 | CLP-SOW-Dissolved CLP-SOW [Diss. & Total) 1 66% ug/L
7439-93-2 |Lithium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 100 100% ug/L
7439-95-4 |Magnesium ) CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 5000 _100% | ug/L
7439-96-5 |Manganese CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 15 100% ug/L
7439-97-6 |Mercury Q_E:SOW—Disso\ved CLP-SOW (Diss. & Total) 0.1 L 93% | weit
7439-98-7 |Molybdenum 1 CLP-SOW-Dissolved CLP-SOW {(Diss. & Total) 30 100% | ug/l
7440-02-0 |Nickel B L CLP-SOW-Dissolved CLP-SOW {Diss. & Total) 20 100% ug/L
‘ 7440-09-7 |Potassium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 5000 B 100% ug/L
7782-49-2 |Selenium . CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 1 45% ug/L
7440-22-4 |Silver B CLP-SOW-Dissolved CLP-SOW [Diss. & Total) 0.1 55% | ug/L
7440-23-5 |Sodium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 5000 100% | ug/t
7440-24-6 |Strontium B CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 200 _100% ug/L
7440-28-0 |Thallium . CLP-SOW-Dissolved CLP-SOW [Diss. & Total) | 0.5 L 59% ug/L
7440-31-5 |Tin CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 200 100% ug/L
11-09-6 |Uranium CLP-SOW-Dissolved CLP-SOW (Dissolved) NR NR ug/L |
7440-62-2 [Vanadium CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 40 100% ug/L
7440-66-6 |Zinc CLP-SOW-Dissolved CLP-SOW (Diss. & Total) 20 100% ug/t
Radionuclides
14596-10-2|Americium-241 Alpha Spec. (EPA A-001) Alpha Spec. (EPA A-0C1) 0.03 100% pCi/L
10-12-8 |Plutonium-239/240 Alpha Spec. (EPA A-001) Alpha Spec. (EPA A-001) 0.03 100% pCi/L
11-10-9 |Strontium-89/90 Gas Flow (EPA 900.0) Gas Flow (EPA 900.0) i 100% pCi/L |
10028-17-8 | Tritium Liquid Scint. (EPA A-002) Liquid Scint. (EPA A-002) 400 100% . pCi/L |
11-08-5 |Uranium-233/234 i Alpha Spec. (EPA A-001) | Alpha Spec. (EPA A-001) 1 100% | pGi/L
15117-96-11Uranium-235 ' Alpha Spec. (EPAA-001) | Alpha Spec. (EPA A-001) } ) 100% | pCi/L
7440-61-1 [Uranium-238 ] Alpha Spec. (EPA A-001) | Alpha Spec. (EPA A-001) i 100% | pCi/L
Water Quality Parameters
16984-48-8 |Fluoride { EPA 300.0 | EPA 300.0 0.5 100% | mg/L
C-005 |Nitrate/Nitrite . EPA353.] | EPA 353.1 005 | 63% | mg/L
10-33-3 |Total Dissolved Solids ; EPA 160.1 % __EPAI601 10 100% mg/L
14808-79-8Sulfate as SOy ‘ EPA 375.1 | EPA 375.1, 300.0 5 63% mg/L
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Table 2-5

Rinsate QC Resulis with Detections
Groundwater 1999

Location Sample Date |Sample Number Andalyte Tier 2 Result Units Lab Detect Limit| Dilution Validation
Qual. Qual.
Volatile Organic Compounds
102291 12/4/98 | GWO6194TE |Methylene Chloride 5 2| ug/L B 1 i uJ
02397 11/5/98 | GWO06171TE |Chloromethane 2.32 0.9 uvg/L J 1 1 J1
02397 11/5/98 GWO06171TE |Methylene Chloride 5 4| vg/L B 1 1 ul
05091 8/26/98 | GWO05924TE |Chloromethane 2.32 0.9] ug/L J 1 Vi
05091 8/26/98 | GWO5924TE |Trichloroethene 5 0.7] ug/L J 1 ]
10498 8/19/98 | GWO6077TE |Methylene Chioride 0.7] uvg/L J ] Ji
12191 12/15/98 | GWO06140TE |Toluene 1000 0.5 vg/t J 1 1 J
3586 10/20/98 | GWO6148TE |Methylene Chioride 5 0.9] ug/L BJ 1 1 JB1
891COLGAL 8/20/98 | GWOGL069TE |Methylene Chloride 5 0.7] uvg/L J 1 n
891COLGAL 8/20/98 | GWOG069TE [Trichloroethene 5 0.7] vg/L J 1 Vi
891COLWEL 8/20/98 | GWOb068TE |Trichloroethene 5 0.5 ug/L J ] Vi
1P209489 5/14/98 GWO6005TE |Chloromethane 2.32 0.7] vg/L J 1 Vi
P209489 5/14/98 GvWOéOOSTEj Trichloroethene 5 0.71 vg/L J ] Vi
SW13494 8/19/98 | GWOB067TE |Methylene Chloride 5| 05 vg/l | J 1 1N
Metals
02291 12/4/98 | GWO6194TE |Thallium 2] 2l wg/L | N ] 0.15 1 un
03991 8/6/98 GWO05917TE | Cadmium 5 2.6| wg/L N 0.05 J1
10498 8/12/98 GWO06066TE | Aluminum 106000 39.3] vg/L E 0.25 uh
11891 6/11/98 GWO05942TE |Aluminum 106000 23| wug/L * 10 Ul
11891 6/11/98 GWO5942TE |Zinc 11000 22} ug/t E 0.1 J1
70193 11/30/98 | GW04189TE |Thallium 2 2.5] ug/L N 0.15 1 uin |
891COLWEL 8/20/98 GWOB068TE |Aluminum 106000 77.7| ug/L E 0.25 J1
891 COLWEL 8/20/98 GWO4068TE |Selenium 50 11 vg/L N 0.20 J1
P209489 5/14/98 GWO4005TE |Aluminum 106000 42.7} wg/L E 0.25 J1
P209489 5/14/98 GWO6005TE |Lead 15 1.6] vg/L EN 0.05 J1
SW13494 8/19/98 GWO6067TE |Aluminum 106000 2711 ug/L E 0.25 Uil
Radionuclides
02291 12/4/98 GWO61924TE |Uranium-238 0.768 0.276| pCi/L J 0.068 \%
03991 8/6/98 GWO5917TE |Americium-241 0.145 0.014] pGi/L J 0.005 Vi
03991 8/6/98 GWO5917TE |Uranium-238 0.768 0.172} pCi/L J 0.078 Vi
11891 3/5/98 | GWOS5805TE |Plutonium-239/240 0.151 0.026} pCi/L J 0.015
11891 6/11/98 GWO5942TE |Americium-241 0.145 0.0101] pCi/L J 0.0031 \
11891 11/19/98 | GWO6176TE |Uranium-233/234 1.07 0.194} pCi/L J 0.066 Vi
12191 4/28/98 GWO5946TE |Plutonium-239/240 0.151 0.0093]| pCi/L J 0.005 Vi
12191 4/28/98 GWO5946TE | Uranium-233/234 1.07 0.4115] pCi/L J 0.0484 Vi
12191 4/28/98 GWO5946TE |Uranium-238 0.768 0.1073| pCi/L J 0.0484 Vi
12191 12/15/98 | GWO6140TE |Americium-241 0.145 0.015] pCi/L J 0.014 Vi
12191 12/15/98 | GWO6140TE |Plutonium-239/240 0.151 0.004| pCi/L J 0.004 \a
12191 12/15/98 | GWO06140TE |Uranium-238 0.768 0.073] pGi/L J 0.066 Vi
3586 3/16/98 GWO5818TE |Plutonium-239/240 0.151 0.15] pGi/L J 0.088
3586 6/5/98 GWO5966TE |Americium-241 ] 0.145 0.0087] pCi/L J 0.0037 \%
3586 6/5/98 GWO5966TE |Uranium-233/234 1.07 0.1029! pCi/L 4 0.0309 \4
70193 7/14/98 GWO5989TE |Uranium-233/234 1.07 0.1206| pCi/L J 0.0544 \A
70193 11/30/98 | GWO6189TE |Uranium-233/234 1.07 0.163| pCi/L J 0.043 \
P209489 5/14/98 GWO6005TE |Plutonium-239/240 0.151 0.0141 l pCi/L J .0047 {‘
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Table 2-5

Rinsate QC Results with Detections
Groundwaier 1999

. . ) Lab -l Validation
Location | Sample Date | Sample Number Analyte Tier 2 Result | Units Qual. ADe'recf Limit| Dilution Qual.
Water Quality Parameters

03991 8/6/98 GWO05917TE |Nitrate/Nitrite 10 0.05/mg/L 0.05 Vi
03991 8/6/98 |GWO05917TE |Total Diss Solids 12/mg/L 10 Vi
05091 8/26/98 | GWOS5924TE |Total Diss Solids 24 mg/L 10 Vi
11891 11/19/98 | GWO06176TE | Total Diss Solids 10img/L 10 V1
12191 4/28/98 | GWO05946TE |Total Diss Solids 18img/L 10

3586 10/20/98 | GWO6148TE |Nitrate/Nitrite 10 1.3;mg/L 0.05 5 Vi
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RFE/RMRS-99-433.UN
1998 Annual Rocky Flats Cleanup Agreement
(RECA) Groundwater Monitoring Report

Other aspects of representativeness such as numbers of samples and spatial distribution are fixed in the
IMP (K-H, 1998a). All wells that were required to be sampled were visited in 1998. Plate 1 presents the

locations sampled for reference to the spatial distribution of the samples.

Completeness
Table 2-6 compares the actual number of samples collected in 1998 to the required number of samples.
As a result of dry wells or wells with such low productivity as to prohibit sample collection, the

completeness goal of 90% was not met for any of the analyte groups.

Completeness is a quantitative measure of data quality expressed as the percentage of valid or acceptable
data obtained from a measurement system. Table 2-7 summarizes the validation completeness evaluation.
Detailed validation and verification data for all analytes and samples are provided in the 1998 quarterly
reports (RMRS 1998a, 1998b, 1999a, and 1999b). A completeness metric was calculated using the

following formula:

Completeness = Dp,= DP,—DP, x 100 (in percent) The completeness criterion is > 90%.
DP,
Where: Dp, = Percentage of usable data points

DP, = Non-usable data points
DP, = Total number of data points

Comparability

During 1998 planned analytical methods for VOCs, water quality parameters, and radionuclides remained
consistent over the entire year (see below for metals). Table 2-4 lists the required methods for the various
analytes. Laboratory analyses were performed according to standard CLP protocols and results should be

comparable to data produced by similar methods.

In the third quarter of 1998, sampling procedure was modified in order to reduce the amount of purge
water generated at certain wells and also enhance the quality of the samples collected. Some wells with
adequate recharge rates have had submersible pumps installed. Pump equipped wells allow for
micropurging at the time of sampling. Micropurging, where pump discharge rates are set low to prevent
an mcrease in turbidity, has several advantages. Less water is needed to purge the pump system
compared to purging with a bailer, and there is less purge water to dispose of. Because the pump intake
port is placed opposite the center of the screened interval in the well, collection of water entering the well

bore directly from the aquifer minimizes the dilution of the formation water with stagnant well water.
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Table 2-6

Comparison of Required and Actual Samples Collected

Groundwater 1998
) Actual Percent of
Sample Types h?uzg;gre:f le\;g‘ea{ of N;an:;;:f Deviation sfcir:::fajny 3:’5;:;5:;::
isits Visits Collected (ocr;v?lggsﬁg)

Groundwater Wells (Visits) 232 232 NA 0 100.0 NA
VOC's 232 232 200 -32 86.2 Dry
Metals 202 202 151 -51 748 Dry or Insw
Radionuclides

Pu/Am 126 126 82 -44 65.1 Dry or Insw
U-isotope 204 204 145 -59 71.1 Dry or Insw
Tritium 83 83 54 -29 65.1 Dry or Insw
Strontium 46 46 17 -29 37.0 Dry or Insw
Water Quality Parameters
Nitrate 186 186 148 -38 79.6 Dry or Insw
TDS 211 211 148 -63 70.1 Dry or Insw
Sulfate 125 125 71 -54 56.8 Dry or insw
Fluoride 93 93 50 -43 53.8 Dry or Insw

*Does not reflect multiple visits to dry wells.
Dry = Well did not recharge after purging. No samples collected.
insw = Insufficient water to collect complete sample suite.
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Finally, because of low pump discharge rates and consequent minimal mixing in the well bore, low

turbidity samples may be collected without filtering.

The installation of submersible pumps and initiation of micropurging without sample filtering resulted in
a change in analytical method for metals. Pump equipped wells are sampled and analyzed for total metals
because no filter is used during sample collection. Analyses of this type correspond to line item code
SS05B001 and analytical method CLP-SOW-Total. Bailed well samples are analyzed for dissolved
metals using line item code SS05B007 and analytical method CLP-SOW-Dissolved.

2.2 Discussion of Analyte Groups
2.21 Metals

Precision

There were 184 real/duplicate pair samples within the 1495 real sample records in the data set for metals
in 1998 (1 in 8.125). Of the 184 real/duplicate pairs there were 114 instances of detections in which a
RPD could be calculated (Table 2-1). One hundred and five of the calculated RPDs were within the QC
criterion of 30% (Table 2-2). With 92.1% of the RPDs meeting the QC criterion, precision for dissolved

metal analysis is within the acceptable goal of §5%.

The recommended frequency for duplicate samples is 1 in 20 on a per-well basis. In 1998, 14 of 202 wells
sampled were analyzed for metals as real/duplicate pairs, aratio of 1 in 14.2. Thus duplicate sample

frequency was within the requirements on both a per-well and per-analysis basis.

Accuracy

All metal analyses were performed using contract-required methods during 1998. Contract- required
methods stipulate the CLP-SOW method for analysis of dissolved metals. As shown on Table 2-4,
analyses were run using this method for all samples. Additional analyses were run using CLP-SOW for
total metals. The total metals analyses were run as necessary in support of various groundwater
evaluations, and to analyze samples collected with dedicated pumps using the low-flow (micropurging)
techniques described in Section 2.1. Based on the Table 2-4 summary, methods used during 1998 for
analysis of metals meet or exceed the requirements of RF/RMRS-98-200, Evaluation of Data for
Usability in Final Reports, August 1998..

Table 2-4 presents a summary of the comparison of required to actual detection limits for analyses of
samples collected in 1998. Reported detection limits (RDLs) for nineteen metals were at or below

CRDLs for 100 percent of the analyses performed. Eight analytes had RDLs for which some percentage
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of the analyses were above CRDLs. The analytes were, antimony with acceptable RDLs in 54% of the
analyses, arsenic (44%), cadmium (48%), lead (66%), mercury (93%), selenium (45%), sitver (55%), and
thallium (59%). Discussion and data accuracy evaluations for specific samples and analyses are presented

in the quarterly reports.

Representativeness

There were 434 rinsate records versus 4449 real sample records for metals in 1998 (1 in 10.25). Most
metals rinsate results were either “U” (non-detection) or “B” (detection was less than the CRDL but
greater than the IDL) qualified indicating that in general no metals contamination was introduced during
sampling and/or shipping activities. As shown on Table 2-5, metals were detected in 11 rinsate analyses.

All but two analyses (thallium at Wells 02291 and 70193) yielded results below Tier II limits.

Completeness

The Integrated Monitoring Plan (DOE, 1998) requires that samples be analyzed for metals m 98 wells.
Sampling for metals was attempted in all the required wells during 1998 (Table 2-1). Eleven wells were
dry or went dry during sampling; resulting in 51 metals samples that could not be collected. Of the 202
metals sample events required by the IMP, 151 were successfully completed during 1998, a success rate
of 74.8% (Table 2-6). The goal, which assumes adequate groundwater production from the monitoring

wells, is at least 90% successfully sampled.

Validation of metals results was performed on 14.2% (640 of 4,506 analyses), which is below the 25%
criterion defined in the IMP. The verification rate of 69.9% (3,151 of 4,506 analyses) was also below the
verification criterion of 75% (Table 2-7). A total of 715 metals analyses were neither validated nor
verified. Of the analyses that were validated or verified, 87 were rejected (R-validated, or R1-verified),
and 3,704 analyses were judged to be acceptable and usable. Because of the relatively low number of
rejected analyses, the 715 records not validated or verified are considered adequate for calculating the
percentage of usable metals data. Consequently, the metals results were found to be acceptable for
98.1% (4,419 or 4,506) of the analyses (Table 2-7). The assumption is made that the 715 records can be
considered usable since the percentage of rejected data of 2.2%(87 of 3,791 analyses) 1s small.

Comparability
No changes were made to analytical procedures during 1998. Thus analyses from 1998 are comparable to

previous analyses.
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2.2.2 Radionuclides

Precision

The data set for dissolved radionuclides contains 396 duplicate records versus 677 real records (1 in 1.71).
A DER could be calculated for 88 of the 396 duplicate/real pairs (Table 2-2). All but one of the DER
values (U-238 in Well 10294 at 2.69pCi/L) is below the 1.96 precision limit. As shown on Table 2-3, the

precision metric was met in 98.9% of radionuclide duplicate/real samples.

Accuracy
All radionuclide analyses were performed using the proper contract required methods during 1998 (Table

2-4). With respect to analytical methods, the 1998 results are accurate.

Required detection limits for the 677 radionuclide analyses performed during 1998 were met in all cases

(Table 2-4). As such, the accuracy of radionuclide analyses is good.

Representativeness

There were 84 rinsate records from radionuclide samples collected at 10 locations in 1998 (Table 2-5).
Fighteen rinsate analyses yielded detectable values. All, however, were bélow Tier I Action Levels.
Based on 79% of rinsate results being undetected, there is little indication of introduced contamination

during sampling activities being a concern for 1998 radionuclide data.

Completeness

As shown on Table 2-6, 126 plutonium/americium, 204 uranium isotope, 83 tritium, and 46 strontiumsgoo
samples were to have been collected for analyses. All the required samples were collected or attempted.
The success rate varied due to dry wells or wells that went dry during sampling. The percentages of
successful sample collection were 65.1% for Pu/Am, 71.1% for U-isotopes, 65.1% for tritium, and 37%

for stronttum so00. The goal is 90%, groundwater conditions permitting.

Of 919 radionuclide analyses, 14.8% (136) were validated and 32.3% (297) were verified (Table 2-7).
Both percentages are below the 25% validation and 75% verification criteria. Only one analysis (0.02%)
of the 433 that were validated or verified was rejected. Data validation or verification was provided for
47.1% of the radionuclide analyses. As shown on Table 2-7, 99.99% (918 of 919) of radionuclide
analyses are usable. With the caveat that not all validation and verification data were provided, the

radionuclide analyses are thought to be complete.
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Comparability
No changes were made to analytical procedures during 1998. Thus the radionuclide analyses presented

here are assumed to be comparable to previous analyses.

2.2.3 Volatile Organic Compounds

Precision

There were 1,540 duplicate records versus 11,964 real records for VOCs in 1998, representing a ratio of 1
in 7.7 analyses. RPDs were calculated for the 102 duplicate/real pairs that had detections (Table 2-2).
Eighty-five RPD values were less than the QC criterion of 30%, which equates to 83.3% meeting the QC
criterion during 1998 (Table 2-3). As can be seen on Table 2-2, the majority of VOC RPD values above
30% are for samples with concentration at or near CRDLs, where analytical precision is inherently low.

Given that consideration, the analyses of VOCs for 1998 are adequately precise.

Accuracy
All VOC analyses performed in 1998 employed contract-required methods (Table 2-4). With respect to

analytical methods, the results are accurate.

As shown on Table 2-4, the majority of the 60 VOCs analyzed in 1998 met CRDLs. The range was
between 96% and 100%, with an average of 98.7%.

The higher than required CRDLs for some VOCs result from several wells that are known to contain
significant concentrations of VOCs. The laboratories run dilution analyses for samples from those wells.
To protect instrumentation, the laboratories do not run 1x dilutions on the samples from wells having
significant VOC ‘contamination. CRDLs were not met for any of the VOC analytes from samples
collected at those wells. Further discussion and additional data are provided in the quarterly reports

(RMRS 1998a, 1998b, 1999a, and 1999b).

Representativeness
There were 1,099 rinsate records from 13 wells for VOCs in 1998. Of those records, 14 rinsate analyses
contained VOCs at detectable concentrations (Table 2-5). Considering all rinsate analyses, 98.7% yielded

non-detectable concentrations. As such, the VOC samples are judged to be representative.

Completeness
During 1998, the required 232 VOCs samples were collected or attempted (Table 2-6). Of those, 200
samples were collected, yielding a success rate of 86.2%. Because dry well conditions precluded

collection of 32 samples, the goal of 90.0% was not reached for VOCs in 1998.
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There were 14,659 VOC analyses performed in 1998. Of those, 5.0% of the analyses (726) were
validated, and 59.9% (8,778) were verified (Table 2-7). Both percentages are below the 25% validation
and 75% verification criteria. Of the 9,505 analyses for which validation or verification was performed,
4.0% (378) were rej ected'and are considered unusable data. Overall, 97.4% of VOC analyses are usable,

assuming that the 3,778 analyses that were not validated or verified are usable.

Comparability
As stated above, no changes were made to analytical procedures during 1998. Thus the VOC analyses

presented here are assumed to be comparable to previous analyses.
2.2.4 Water Quality Parameters

Precision

There were 50 duplicate sample records versus 427 real sample records for collected water quality
parameters during 1998 (1 in 8.5). Forty-eight of the real/duplicate pairs could be used to calculate RPD
values (Table 2-2). As shown on Table 2-3, 47 of the values (97.9%) were within the QC criterion of
30%. The one RPD that was greater than the criterion was calculated for the real/duplicate pair for
nitrate/nitrite at Well 11891. Review of the analytical data indicates that the sample had a concentration
that was two orders of magnitude higher than historical concentrations at that well. Samples collected in
quarters immediately before and after had concentrations that were comparable to historical
concentrations. As such, the elevated concentration appears to be a single anomalous value. Overall, the

data indicates good precision for water quality parameter analyses.

Accuracy
All water quality parameter analyses were performed using the proper contract required analytical

methods in 1998 (Table 2-4). With respect to methods, the results for the first quarter are accurate.

Analytical data indicate that the contract-required detection limits were met for all analyses of fluoride
and total dissolved solids (TDS)(Table 2-4). The CRDL for nitrate/nitrite and sulfate (as SO,) were met

in 63% of the analyses.

Representativeness
There were 37 equipment rinsate analyses for water quality parameters in 1998. Thirty-one of the
analyses were non-detects. As shown on Table 2-5, two nitrate/nitrite rinsate analyses and four TDS

analyses had detectable concentrations. Neither of the nitrate/nitrite concentrations were above Tier Il
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Action Levels. The water quality parameter analyte group yielded non-detectable results in 83.4% of the

rinsate analyses. No significant introduced contamination is indicated.

Completeness

As shown on Table 2-6, 186 nitrate/nitrite, 211 TDS, 125 sulfate, and 93 fluoride samples were-to have
been collected for analysis. All of the required samples were collected or attempted to be collected. The
success rate varied because of dry wells or wells that went dry during sampling. The percentages of
successful sample collection were 79.6% for nitrate/nitrite, 70.1% for TDS, 56.8% sulfate, and 53.8%

fluoride. The goal is 90%, groundwater conditions permitting.

None of the 511 water quality parameter analyses performed in 1998, were validated. Verification was
done on 74.4% (380) analyses (Table 2-7). As such, data validation or verification was provided for
74.4% of the water quality parameter results. As shown on Table 2-7, all of the analyses were verified as
usable. Given that there were no rejected data, and that the 131 unvalidated and unverified analyses are

acceptable, 100% of the 1998 water quality parameter data are usable.

Comparability
As stated above no changes were made to analytical procedures during 1998. Thus the water quality

parameter analyses presented here are assumed to be comparable to previous analyses.

2.3  Data Summary for RFCA-Designated Wells Sampled in 1998
2.3.1 Data Screening

RFCA groundwater analytical data for 1998 were utilized for assessing compliance with RFCA well
classifications as set forth in the data quality objectives section of the IMP. As most well catagories rely
on Tier I or Tier Il action level criteria to trigger further action, the Tier II action level criteria have been
adopted for reducing the data set to a manageable size for presentation and discussion. Non-Tier I and
Tier II action level based well catégories, including D&D and RCRA monitoring well networks, are
evaluated separately in Section 2.3.3 using an upgradient to downgradient groundwater quality
comparison approach. Although performance monitoring wells do not employ Tier I or Tier II action
levels for determining a course of action, these criteria were used to select contaminants for assessing

trends consistent with the DQO requirements for this well category.
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Table 2-8 presents a summary of results for contaminants with concentrations greater than Tier II action
levels. These values have been previously reported in the 1998 RFCA Quarterly Groundwater
Monitoring Reports (RMRS, 1998a, 1998b, 1999a, 1999b). In total, seventy two RFCA-designated
monttoring wells (excluding RCRA and D&D wells) had concentrations of one or more analytes above
Tier I action levels, while 14 RFCA-designated wells yielded no results above Tier II action levels.
Plates 4 through 6 are box plots that display the results of selected analytes (i.e., radionuclides, VOCs,
and water quality parameters) at monitoring wells that had at least one analyte above Tier II action levels.
The wells with contaminant concentrations below Tier II action levels (excluding RCRA and D&D wells)
are listed in Table 2-9. A listing of all analytical results from RFCA-designated wells are provided in the
quarterly reports.

Historical trends of contaminants of concern for selected Boundary, Drainage, Performance Monitoring,
Plume Definition, and Plume Extent wells are shown in Figures 2-1 through 2-59. The contaminant trend
plots for Boundary, Drainage, Plume Definition, and Plume Extent wells were chosen from organic
compounds that exceeded Tier I and II action levels, and other analytes that exceeded both Tier I and 11
action levels and background M2SD concentrations. Background values for inorganics and radionuclides
were adopted from the 1993 Background Geochemical Characterization Report (DOE, 1993b) and the
draft Background Comparison for Radionuclides in Groundwater (DOE, 1997a). Trend plots of
contaminants found in Performance monitoring wells were generally chosen for the contaminants with the
highest Tier II ratios. The following sections present a compilation of the data and information first

provided in the quarterly reports.

The decision rules that are described in general terms in Section 1.3 define the conditions under which

values above action levels become “Reportable”.

2.3.2 Values Above Tier | and Tier Il Action Level Criteria

2.3.2.1 Boundary Wells

Six RFCA designated Boundary wells, 0386, 06491, 10294, 10394, 41591, and 41691, were sampled in
1998. Only sulfate, detected in well 10294, was above the Tier II action level and the background M2SD
benchmark. Although the values are reportable, concentrations have remained below historic M2SD, and

trends have not been upward (Table 2-8 and Figure 2-1).
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Table 2-8 1998 Groundwater Values Above Tier Il Action Levels and Standard Framework Criteria (ALF) in RFCA - Designated Wells

Back- Back- T N
WellClass |  Location s;:;:a Analyte Result | Units | Q | TierW |Tier it Ratio g"r;;l;i g:;\:ir:l A'::::::k' "h’:;;'l;" ":::‘:c Hﬁm_, Reportable? Well Class
0386  2/26/98 | Uranium-233/234 10.30]pCin. 1.07 9.63 60.7 017 No Boundary
0386] _ 2/26/98|Uranium 238 8.35|pCiL 0.768 10.87 418 0.20 No Boundary
0386]  8/25/98]Uranium-233/234 10.80|pCi. 107 10.09 60.7 0.18 No Boundary
0386 8/25/98 | Uranium-238 8.23{pCil 0.768 10.72 418 0.20 No Boundaty
06491]  2/19/98|Uranium 233/234 27.80|pCil. 107 25.98 60.7 0.46 No Boundary
06491]  2/19/98|Uranium-235 1.17 |pCiL 101 116 1.79 065 No Boundary
06491 2/19/98|Uranium 238 18.00]pCiL 0.768 23.44 418 0.43 No Boundary
06491 7120798 | Uranium-233/234 27.56|pCill 1,07 2575 60.7 0.45 No Boundary
06491|  7/20/98 |Uranium-238 17.22|pcin. 0.768 22.43 418 0.41 No Boundary
E, 10294]  2/10/98 [Sulfate 830.00|mgn_ 500 1.66 4356 181]  Yes 760 118] Yes Yes Boundary
] 10294 2/10/98|Uranium-233/234 27.90pcin. 1.07 26.07 60.7 0.46 No Boundary
o] 10204]  2/10/98 |Uranium-238 24.00{pCiL 0.768 3125 418 057 No Boundary
c 10294] 7120798 | Uranium 2337234 21.61{pciL 107 2020 60.7 0.36 No |Boundary
3 10294 7729/98|Uranium 235 1.18|pCiL 101 147 179 0.66 No Boundary
[} 10294]  7728/98 |Uranium-238 16.59|pCiL 0.768 2160 4138 0.40 No Boundary
m 10304]  7/27/98|Uranium-233/234 3.42|pciL 107 3.19 60.7 0.06 No Boundary
10394]  7727/98|Uranium-238 2.35|pCilL 0.768 3.0 418 0.06 No Boundary
41501] - 2126/98 | Uranium 2331234 10.90|pCifl 107 1019 60.7 0.18 No Boundary
415011 2126/98 | Uranium-238 8.20|pCit, . 0768 10.68 418 0.20 No Boundary
41591 8/27/98 | Uranium-233/234 961|pCiL 107 8.98 607 0.16 No Boundary
41591] 8727798 | Uranium-238 9.17|pCiL 0.758 1194 418 02 No Boundary
41691] 311798  Uranium-233/234 1.10}pCiL 1.07 1.03 60.7 0.02 No Boundary
41691 3/11/98 |Uranium-238 0.89{pCiL J 0.768 1.15 41.8 0.02 No Boundary
41691 7/30/98 | Uranium- 2331234 1.561pCin 107 145 60.7 0.03 No Boundary
41691 7/30/98 | Uranium-238 1.89pciL 0.768 2.47 s 0.05 No Boundary
00997 3/3/98 | Uranium-233/234 13.30 | pCiL 1.07 12.43 60.7 0.22 No Drainage
00997 3/3/98 | Uranium-238 8.34|pCilL 0.768 10.86 418 020 No Drainage
00997|  7727/98 | Uranium-233/234 576|pCit. 107 539 50.7 0.09 No Drainage
00997 7727/98 |Uranium-238 4.30[pci 0768 550 8 0.10 No Drainage
38591 2/24/98 | Uranium-233/234 18.80{pCVL 1.07 17.66 0.7 0.31 No Drainage
0 3859 2/24/98 | Uranium-238 12.10|pCyL {.768 15.76 41.8 0.29 No Drainage
o)) 5587 5/20/98 | Methylene Chioride 6.00}ug/L B 5 1.20 8.1 0.74 No Drainage
© 6486] 224198 |Nickel 151.00[uglL 100 151 2137 7.07]  ves 62.02 2.43 Yes Yes Drainage
£ 6486  2/25/98 | Uranium 233/234 5.05|pCiL 1.07 472 60.7 0.08 No Drainage
[1+] 6486 2/25/88 |Uranium-238 3.16{pCint. 0.768 411 41.8 0.08 No Drainage
= 6486  7/14/98 |Uranium-233/234 7.61{pCiL 1,07 714 60.7 013 No Drainage
D 6486 7/14/98 | Uranium-238 4.19|pCiL 0.768 5.45 41.8 0.10 No Drainage
6586 6/18/98 |Nickel 871.00[ugil 100 8.71 2137 4076]  Yes 78.78 11.06 Yes Yes Drainage
6586  7/28/98 Nickel | 603.00{uglL B 100 603 21.37 2822]  Yes 7878 7.65 Yes Yes Drainage
6586]  7/28/98|Uranium-233/234 2.05[pCil 107 192 0.7 0.03 No Drainage
6586  7/28/98 | Uranium-238 1.91]pCiL 0768 249 418 0.05 No Drainage
6586 8/24/98 { Nicke! 570.00 {ug/L. 100 570 21.37 26.67 Yes 78.78 7.24 Yes Yes Drainage
007971 2123/98 Sulfate 507.00mgiL 500 101 4356 116 Yes No Pert Moni
00797]  2/23/98] Uranium-233/234 8.67|pCil 1.07 8.10 607 0.4 No Perf Monitoring
00797|  2/23/98 | Uranium-238 7.55]pCill. 0,768 0.83 418 018 No Pert Monitoring
00797|  7129/98 | Uranium-233/234 9.53|pCill 107 8.50 607 0.16 i No Perf Monitoring
00787 7129/98 | Uranium-238 - 8.31]pCit 0.768 1082 418 0.20 No Perf Monitoring
00897 3/0/98 | Tetrachloroethene 14000.00 | uglt 5| 280000 No Perf Monitoring
00897 3/9198 | Trichloroethene 2000.00 gl 5 400,00 No Perf Monitoring
o 00897 3/9/98 | Uranium 233/234 3.96|pCitL 107 370 60.7 0.07 No Perf Monitoring
[ 00897 3/9/98 | Uranium-238 i G 0.768 3.40 418 0.06 No Perf Monitoring
" 00897|  6/16/98 | Methylene Chioride 12000.00|ught 5| 2400.00 No Pert Monitoring
‘9 00897  6/16/38 | Tetrachioroethens 20000.00|ugi. 5| 400000 No Perf Monitoring
R 00897 6116/98 | Trichloroethene 2000.00 | ug/t N 5 400.00 No Perf Monitoring
g 00897 6/16/98 | Uranium-203/234 4.92|pCit 1.07 459 60.7 0.08 No Perf Monftoring
= 00897| 616798 |Uranum 238 2.84]pCill 0.768 369 s 0.07 No Pert Montoring
00887 11/15/88 | Tetrachloroethene 7400.00 ug [ 5 1480.00 No Perf Monitoring
)] 00897]  11/19/98 | Trichloroethene 950,00 jugl. ) 5 198.00 No Pest Monitoring
o 00897| 111998 |Uranium 2331234 3.57|pCin B 107 334 507 0.06 No Perf Monitoring
g 00897|  11/19/98|Uranium-238 288 pCill B 0.768 3.75 218 0.07 No Pert Monitoring
£ 02291 3/10/98 Tetrachloroethene 4200 00]ug/L 5| 82000 4201.94 1.00 Yes No Perf Monttoring
= 02291]  3/10/98| Trichloroethene 660.00]ugit 5 132.00 453.73 1.45 Yes No Pert Monitoring
o 02291]  3/10/98|Uranium-233/234 261|pCiL 107 2.44 607 0.04 No Per Monftoring
b= 02291]  3/10/98|Uranium-238 1.67|pCil. 0.768 247 418 0.04 No Perf Monforing
[ 02291]  5/22/98 | Uranium-233/234 219 ]pCit 107 2.05 60.7 0.04 No Per Monitoring
& 02291 5¢22/98 |Uranium-238 1.41|pCit. 0.768 1.84 418 .03 No Perf Monitoring
02297 12/4/98 | Methylene Chioride 210000 ugh. 8D 5| 42000 No Pert Monitoring
02291 12/4/98 | Tetrachloroethene 5700.00|ug/. B 5| 114000 4201.94 136 Yes No Pert Monftoring
02201 12/4/98 | Trichlarosthene 520,00 |ugiL D 5 124.00 453.73 137 Yes No Perf Monitoring
02291 12/4/98 | Uranium-233/234 3.03{pCiL 1.07 2.83 60.7 0.05 No Perf Monitoring
| 02291 12/4/98|Uranum-238 1.97]pcit B 0768 267 418 0.05 No Perf Monitoring
05691 3/9/98 | Carbon Tetrachloride 98.00]ug/l 5 19.60 561.21 017 No Pert Monitoring
05691 3/9/98 | Tetrachloroethene 23.00|ugl. 5 4.60 149.64 0.15 No Perf Monitoring
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“Table 2-8 1998 Groundwater Values Above Tier Il Action Levels and Standard Froméwork Criteria {ALF) in RFCA - Designated Wells

Well Class |  Location s'[‘)““’“ Analyte Result | Units | @ | Tierll |TierhiRatio gBl:::d g?:::a Above Back+  Historic | Historic Above Reportable? Well Class
ate . ground? M2SD Ratio Historic?
M2sD Ratio
05691 3/9/98 | Trichloroethene 11.00|ug/L 5 220 95.59 0.12 No Perf Monitoring
05691 3/9/98 |Uranium-233/234 3.82{pCilt. 1.07 3.57 60.7 0.08 No Perf Monitoring
05681 3/9/98 | Uranium-238 2.39 pCil. 0.768 311 41.8 0.06 No Perf Monitoring
05691 7/13/98 { Carbon Tetrachioride 100.00 |ug/t. 5 20.00 561.21 0.18 No Perf Monitoring
05691 7/13/98 | Methylene Chioride 5.00|ugl. J 5 1.00 No Pert Monitoring
05691 7/13/98 | Tetrachioroethene 22.00|ugll 5 4.40 149.64 0.15 No Perf Monitoring
05691 7/13/98 | Uranium-233/234 2.36|pCill. 1.07 2.21 80.7 0.04 No Perf Monitoring
05691 7/43/98 |Uranium-238 1.72|pCiL 0.768 2.23 418 0.04 No Perf Monitaring
05691 9/28/98 | Carbon Tetrachioride 130.00{ug/t b 5 26.00 561.21 0.23 No Perf Monitoring
05691 9/29/98 | Tetrachloroethene 28.00|ug/l D 5 5.80 148.64 0.18 No Perf (
05691 9/29/88 | Trichioroethene 16.00 | ug/l D 5 320 95.59 Q.17 No Perf
07331 3/17/98 | Trichloroethene 27000.00 {ug/t Bl 5400.00 158350 917 No Perf Monitoring
07391 3/17/98 [Uranium-233/234 20.00 | pCi/L. 1.07 18.69 60.7 0.33 No Pert Monitoring
07391 3/47/98 |Uranium-238 48.20|pCi. 0.768 64.06 41.8 1.18 Yes 43.4 1.13 Yes Yes Perf Monitoring
07391 8/24/9811,1,1-Trichloroethane 1700.00 {ugi 200 8.50 27246 0.62 No Perf Monitoring
07331 8/24/98 | Chloroform 3000.00{ug/l B 100 30.00 4439.22 0.68 No Perf Monitoring
07381 8/24/98,Cl 18000.00 jug/t [2:] 100 180.00 4439.22 4.05 Yes No Perf Monitoring
073914 8/24/98 | Methylene Chloride 1200.00 |ug/t. B 5 240.00 No Perf Monitoring
07381 8/24/98 |Methylene Chioride 35000.00 [ugt 08 5 7000.00 No Perf Monitoring
07391 8/24/98 | Nitrate/Nitrite 17.00 | mg/L 10 170 4.664 3.64 Yes 20 0.85 No Perf Monitoring
07391 8/24/98 | Tetrachloroethene 3200.00jugh. 5 640.00 3030.17 1.06 Yes No Peif Monitoring
07391 8/24/98 | Trichleroethene 160000.00 |ugit- D 5 32000.00 158350 1.01 Yes No Perf Monitoring
07381 8/25/98 | Uranium-233/234 25.60|pCilt 1.07 2383 60.7 0.42 No Perf Monitoring
07391 8/25/98 | Uranium-235 1.28pCift. 1.01 1.28 1.79 072 No Perf Monitoring
07381 8/25/98 | Uranium-238 58.70 [pCiL. 0.768 76.43 41.8 1.40 Yes 43.4 1.35 Yes Yes Pert Monitoring
10592 6/15/98 | Seleniur 137.00 lugi, 50 2.74 4372 313 Yes 343.94 0.40 No Perf Monitoring
10592 6/15/98 | Uranium-233/234 10.90{pCiik 1.07 10.18 60.7 0.18 No Perf Monitoring
10582 6/15/98 | Uranium-238 7.62|pCit 0.768 9.92 418 0.18 No Perf Monitoring
10592 11/16/98 |Methylene Chioride 9.00jugt 5 1.80 No Perf Monitoring
10592 11/16/98) Selenium ] 126.00ug/l 50 2.52 43.72 2.88 Yes 343.94 0.37 No Perf Monitoring
m 10592 11/16/98 | Uranium-233/234 - 11.90{pCilL B 1.07 11.12 60.7 0.20 No Perf Monitoring
s 10592 11/16/98 | Uranium-238 B 8.36 | pCiL B 0.768 10.89 418 0.20 No Perf Monitoring
= 10692] 27198 Uranium 233234 16,40 [pCiL 107 15.33 607 021 No Perf Monitoring
8 10692 2/27/98 |Uranium-238 e 12.00|pCil. 0.768 15.63 41.8 0.28 No Pert Monitoring
— 10692 7/15/98 | Uranium-233/234 16.67 |pCik 1.07 15.58 60.7 0.27 No Perf Moni#toring
g 10692 7/15/98 | Uranium-238 10.02pCit 0.768 13.04 41.8 0.24 No Perf Monttoring
E 10792 5/20/98 i 116.00 |ug/t. 50 2.32 4372 285 Yes No Perf Monitoring
10792 5/20/98 | Uranium-233/234 : 4.48 {pCiL 1.07 420 60.7 0.07 No Perf Monitoring
] 10792 5/20/98 { Uranium-238 2.87 [pCilL 0.768 3.74 418 0.07 No Perf Monitoring
Q 10792 11/17/98 | Selenium 58.40 ugil 50 118 43.72 136 Yes No Perf Monitoring
g 10762]  11/17/98|Uranium-233/234 413pCit | B 107 3.86 60.7 .07 No Pert Monitoring
E 10792 11/17/98 | Uranium-238 4.17 |pCiL B 0.768 5.43 418 0.10 No Perf Monitoring
- 10792 12/9/98 | Selenium 52.70 |ug/L 50 1.05 43.72 j?l Yes No Pert Monitoring
° 10992 8/18/98 | Nitrate/Nitrite 24.00 | mg/l. 10 2.40 4.664 515 Yes 37.16 065 No Perf Monitoring
= 10892 /18198 | Selenium 1 ar.00fugn N 50 742 372 849]  Yes No Perf Monttoring
[+ 10882 8/19/98 | Uranium-233/234 7.22{pCilb i 1.07 6.75 60.7 0.12 No Perf Monitoring
ﬂ. 10992 8/19/88 | Uranium-238 5.82pCiL 0.768 7.58 41.8 0.14 No Peri Monitoring
11092 11/17/98 | Methylene Chicride 8.00 |ug/l 5 1.60 No Pert Monitoring
11891 3/5/98 | Carbon Tetrachloride 460.00 |ug/L D 5 92.00 737.11 0.62 No Perf Monitoring
11891 3/5/98 | Tetrachloroethene 260.00|ug/L D 5 52.00 T 319.91 0.81 No Perf Monitoring
11891 3/6/98 | Trichioroethene 60.00{ug/L D 5 12.00 407.56 0.15 Ne Perf Monitering
11891 3/6/98 | Uranium-233/234 232{pCilL 1.07 217 60.7 0.04 No Perf Monitoring
11891 3/5/98 | Uranium-238 1.58{pCil- 0.768 2.06 418 0.04 No Perf Monitoring
11894 ©6/14/38Carbon Te\rachSovit;e 210.00fugh. 5 42.00 73711 0.28 No Perf Monitoring
11891 6/11/98 | Tetrachioroethene 140.00|ug/l. 5 28.00 319.91 0.44 No Perf Monitoring
11891 6/11/98 | Trichloroethene 26.00|ug/t. 5 520 407.56 0.06 No Perf Monitoring
11891 6/11/98 | Uranium-233/234 2.50|pCill 1.07 2.33 60.7 0.04 No Perf Monitoring
11891 6/11/98 | Uranium-238 1.41pCid 0.768 1.84 418 0.03 No Perf Monitoring
11891 11/19/98 | Carbon Tetrachloride 430.00 | ug/L D 5 86.00 73711 0.58 No Perf Monitoring
11891 11/19/98 | Tetrachloroethene 500.00 jug/l D 5 100.00 319.91 1.56 Yes No Perf Monitoring
11894 11419/98 | Trichloroethene 80.00 ug/. 1o 5 16.00 407 .56 0.20 No Perf Monitaring
11891 11/19/98 |Uranium-233/234 2.59|pCiL B 1.07 2.42 80.7 0.04 No Perf Monitoring
11891 11/18/98 | Uranium-238 . 1.71{pCill. B 0.768 2.23 418 0.04 No Perf Monitoring
12191 3/5/98 | Carbon Tetrachloride 240.00 |ugi. 5 48.00 435.97 0.55 No Perf Monitoring
1219 3/6/98 | Tetrachloroethene 290.00 ugi 5 58.00 486.46 0.60 No Perf Monitoring
12181 3/5/98 | Trichloroethene 53.00{ugnt. 5 10.60 67.86 0.78 No Perf Monitoring
12191 3/5/98 | Uranium-233/234 2.36|pCit. 1.07 221 60.7 0.04 No Perf Monitoring
12191 315198 | Uranium-238 1.49!pCiL. | 0.768 1.94 418 0.04 No Perf Monitoring
12191 4/28/98 | 1,1-Dichlorcethene 7.00|ug/t i 7 100 Neo Perf Monitoring
12191 4/28/98 | Carbon Tetrachioride 220.00[ug/t 5 44.00 435.97 0.50 No Perf Monitoring
12191 4/26/98 | Tetrachloroethene 210.00 fug/l 5 42.00 486.46 0.43 g No Perf Monitoring
12191 4/28/88 | Trichloroethene 27.00 |ug/t. 5 5.40 67.86 0.40 No Perf Monitoring
12191 4/28/98 |Uranium-233/234 1.85 | pCiL 1.07 1.73 60.7 0.03 No Perf Monitoring
12191 4726198 Uranium- 238 130/pcil | 0.768 169 418 003 No Pert Monitoring
12191 12/15/98} Carbon Tetrachivride 140.00 | ugh. *{W 5 28.00 435.97 0.32 No Perf Monitoring
12181 12/15/98 | Tetrachloroethene 170.00 |ug/l. 5 34.00 486.46 0.35 No Perf Monitoring
12191 12/15/98 | Trichloroethene 25.00{ug/iL 5 5.00 67.86 0.37 No Perf Monitoring
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12191]  12/15/98] Uranium-233/234 220[pci 107 2.06 60.7 0.04 No Perf Monitoring
12191 12/15/98|Uranium 238 1.13|pCilL 0.768 147 418 0.03 No Perf Monitoring
12691 2/26/98 [Carbon Tetrachloride 480.00{ugl. 5 96.00 2968.95 0.16 No Perf itori
12601 2126198 | cis-1 2-Dichloroethene 70.00 | ugll 70 100 65.9 1.06 Yes, No Perf Monitaring
12691 2/26/98 | Tetrachloroethene 140.00 [ug/t. 5 28.00 646.52 0.22 No Perf i
12691 2/26/98 | Trichloroethene 68.00 [ug/ 5 13.60 362.45 018 No Perf
12691 2126198 |Uranium-233/234 2.58/pCilL 107 241 60.7 0.04 No Pert
12601 2/26/98 |Uranium-238 211 [poin 0.768 275 418 0.05 No Perf Monitoring
12601 8/5/98|Carbon Tetrachloride 370.00{ugll ) 5 74.00 2968.95 012 No Perf Monitoring
12691 8/5/98 Chioride 21.00]ugn ) 5 420 No Perf Monitoring
12681 8/5/98 | Tetrachloroethene 68.00{ugl ) 5 13.60 646,52 011 No Perf Monitori
12601 8/6/98 | Trichloroethene 49.00{uglL D 5 9.80 362.45 0.14 No Perf Monitoring
12691 8/5/98 | Uranium-233/234 2.44{pCiLL 107 228 60.7 0.04 No Perf Monitoring
12691 8/5/98|Uranium-238 1.66pCill 0.768 216 418 0.04 No Perf Monitoring
3687|  3/10/98]1,1-Dichloroethene 16.00{ugll 7 229 187 0.09 No Perf Monitoring
3687 3/10/98 | Carbon Tetrachloride 430.00{ugh. 5 86.00 1255.4 0.34 No Perf Monitoring
3687 3/10/98 | Tetrachloroethene 290,00 [ugi. 5 58.00 814.46 0.35 No Perf Monitoring
3687 3/10/88 | Trichioroethene 6000.00 ug/t 5 1200.00 993.25 6.04 Yes No Perf Monitoring
3687]  3/10/98)Uranium-233/234 168[pCi 1.07 157 60.7 0.03 No Perf Monitoring
3687 3110/98 Uranium-238 0.81!pCiLL 3 0.768 106 418 0.02 No Perf Monitoring ]
3687 5/26/98 | 1,1.Dichloroethene  53.00]ugll E 7 757 187 028 No PerMonitoring |
3687 5/26/98 | Carbon Tetrachloride 250.00{ug/t. 3 5 50.00 1255.4 020 No Perf Monitoring
3687 5/26/98 | Chloroform 510.00 ugil 3 100 5.10 No Pert Monitoring
3687 5/26/98 | Methylene Chioride 1600.00[ugl. | OB 3 320,00 No Pest Monitoring
3687 5/26/98 | Tetrachioroethene 460.00 lug/lL Jo 5 92.00 814.46 0.56 No Perf Monitoring
3687 5/26/98 | Trichloroethene | 6300.00|ugi ) 5] 126000 893.25 6.34 Yes No Perf Monitoring
3687]  5/26/98|Uranium-233/234 i 1a7lpoin | 107 128 60.7 0.02 No Perf Monitoring
3687 5/26/98 | Uranium-238 ostjpoil | J 0.768 106 418 0.02 No Perf Monitoring
3687 10726/98(1,1-Dichioroethene 120.00]ug/lL E 7 1714 187 064 No Perf Monitori
3687|  10/26/98|Carbon Tetrachloride 640,00 ugiL E 5 128,00 1255.4 0.51 No Perf Monitoring
3687|  10/26/98 |Chloroform 4700.00 {ug/L D 100 47.00 No Perf Monitoring
o 3687|  10726/98]Methylene Chioride 11,00 ugll. 5 220 No Perf Monitoring
c 3687|  10/26/98|Tetrachloroethene 78000lugl. | E 5 156.00 814.46 0.96 No PerfMonioring |
= 3687|  10726/98] Trichloroethene 5300000jugt. | D 5 1060000 993.25 53.36 Yes No Pert Monitoring
8 3687]  10/26/98 | Uranium-233/234 is2ipcin ] 107 142 60.7 0.03 No Pert Monitoring
— 3687|  10726/98 | Uranium-238 087pcin | J 0.768 114 218 002 No Pert Monftoring |
g 891COLGAL]  6/10/98]Uranium-233/234 510(pCIL_ | 1,07 476 60.7 0.08 . No Perf Monitoring 1
= 891COLGAL|  6/10/98 |Uranium-238 399ipCi | 0.768 520 a8 0.10 No Perf Monitoring
BOICOLGAL|  8/20/98|Uranium-233/234 625{pCiL | 107 584 50.7 0.10 R No Perf Monitoring
Q 891COLGAL|  8/20/98|Uranium-238 517,pCiL | 0.768 673 418 012 o No Perf Monitoring
o B91COLGAL 11/4198 | Uranium-233/234 " i 107 6.11 60.7 0.11 - No Perf Monitoring
% 891COLGAL 1174/98 | Uranium-238 0.768 565 418 0.10 No Pert Monitofing
£ B91COLWEL|  6/10/98|Carbon Tetrachloride 21.00{uglt 5 420 - No Perf Monitoring
= 891COLWEL|  6/10/98{Methylene Chioride 190 00|ught. 0B 5 38.00 No Perf Monitoring
[} 891COLWEL|  6/10/98]Selenium 620.00|uglL 50 12.40 372 1418]  Yes No Perl Monitoring |
b - BO1COLWEL|  6/10/98 [Tetrachioroethene 29.00]ugll 5 5.80 No Perf Monitoring
[) 891COLWEL|  6/10/98 Trichioroethene 230,00 uglt ) 5 46.00 No Perf Monitoring
o B91COLWEL|  6/10/98|Uranium-233/234 10.83(pCiL 107 10.17 60.7 0.18 No Perf Monitoring
891COLWEL| _ 6/10/98Uranium-238 7.97|pCiL 0.768 10.38 41.8 0.19 No Perf Monitoring
891COLWEL| _ 8/20/98|Carbon Tetrachloride 12,00 ugi. 5 2.40 No Perf Monitoring
891COLWEL|  8/20/98|Methylene Chioride 15.00 uglt ) 5 3.00 No Perf Monitaring
B91COLWEL|  8/20/98Selenium 470.00|uglt N 50 9.40 4372 1075]  Yes No Perf Monitoring
8O1COLWEL| 872098 Tetrachioroethene 13.00|uglL 5 2.60 No Perf Monitaring
891COLWEL 8/20/98 | Trichioroethene 100.00|ug/L v 5 30 00 No Perf Monitoring
891COLWEL| 812098 Uranium-233/234 11.70|pCiLL 107 1093 60.7 019 No Perf Monitoring
891COLWEL|  8/20/98|Uranium-238 8.58]pCirl 0.768 1118 218 021 No Perf Monitoring
B91COLWEL 11/2/98|Carbon Tetrachioride 600iugl | 5 120 No Perf Monitoring
891COLWEL 11298 {Methylene Chloride 380.00iug. | BD 5 76.00 No Perf Monitoring
B91COLWEL 1172/98 | Selenium 480,00 ugl. . 50 9.60 4372 1098  Yes No Pert Monitoring
891COLWEL 1172198 | Tetrachloroethene 40.00{ugil ) 5 8.00 No Perl Monitaring
891COLWEL|  11/2/98 | Trichloroethene 280.00|ugiL D 5 56.00 No Perf Monitoring
891COLWEL 1112198 Uranium-233/234 10.40{pCiLL 107 972 60.7 017 No Perf Monitoring
891COLWEL 1172/98 | Uranium-238 7.83|pCilL 0.768 1020 418 0.19 No Perf Monitaring
SWO059 6/4/38|Carbon Tetrachiotide 4150 00{ug/L 3 5 30.00 No Perf Monitoring
SW059 6/4/98| Methylene Chloride 8.00 ug/ll BID 5 1.60 No Perf Monitoring
SW059 6/4/98| Tetrachloroethene 48.00lugll D 5 9.60 No Pert Manitoring
SW05% 6/4/98 | Trichloroethene 58.00]uglL D 5 11.60 No Perf Monitoring
SW059 6/4/98 | Uranium-233/234 4.02|pCiL 1.07 375 60.7 0.07 No Pert Manitoring
W58 6/4/98|Uranium-238 3.01 pCilL 0788 3.93 418 007 No Perf Monitoring
SW13494]  6/19/98| Tetrachioroethene 35.00ugt | s 7.00 No Perf Monitoring
SW13494]  6/19/98 |Uranium-233/234 408jpCit 1.07 3.82 60.7 0.07 No Perf Monitoring
SW13494 6/19/98 | Uraniurn-238 2o | 0768 353 418 0.06 No Pert Monitoring
SW13404 8/19/98 | Tetrachioroethene 18.00 | ugh. ‘ ) 5 3.60 No Perf Monitoring o]
SW13494 8/19/98) Uranium-233/234 4.711pCiL 1.07 4.40 60.7 0.08 No Perf Monitoring
SW13484 8/19/98 ! Uranium-238 3.88pCilt 0.768 5.05 41.8 0.09 No Perf Monitoring
SW13494 11/2/98 |Methylene Chioride 5.00lug/t B 5 1.00 No Perf Monitoring o
SW13404 11/2/98 | Tetrachloroethene 40.00{ugll 5 8.00 No Perf Monitoring
SW13404 11/2/98 | Uranium-233/234 315|pCill 1.07 294 60.7 005 Mo Perf Monitoring
SW13494 1172198 | Uranium-238 228lpCiL 0.768 2.97 418 0.05 No Perf Manitoring
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00491 7/13/98 | Carbon Tetrachioride 160.00|uglL 5 3200 545 029 No Plume Definition
00491 7/43/38 | Tetrachloroethene 18.00 jug/t. 5 3.60 54 0.33 No Plume Definition
00491 7/13/98 i Trichioroethene 7‘ . 43.00lugll 5 8.60 153 0.28 No Plume Definition
00491] 7713708 Urenium 233234 i 107 9.46 0.7 a7 No Plume Definition
00491] _ 7/13/98|Uranium 238 0.768 6.70 418 012 No Plume Definition
00481 9/28/98  Carbon Tetrachloride D 5 40.00 545 0.37 No Plume Definition
00491 9/28/98 | Methylene Chloride D 5 1.20 No Plurne Definition
00491]  9/28/98 Tetrachlorosthene D 5 7.40 54 069 No Plume Definition i
00491]  9/28/98 | Trichlorosthene D 5 16.40 153 054 No Plume Defirition
00597 3/3/98 V1,1~Dichlqyoethene 7 1.28 No Piume Definition
00597 3/3/98 [ Nitrate/Nitrite 10 1.01 4.664 217 Yes No Plume Definition
00597 3/3/98 | Trichloroethene 5 1.20 No Plume Definition
00587 7/28/88 |1,1-Dichloroethene 7 1.86 No Plume Definition
00897 7728/98 | Nitrate/Nitrite 10 1.00 4.664 214 Yes No Plume Definition
00587 7/28/98 Trichlorée(heﬁ _ i 5 1.20 No Piume Definition
0487 3/4/98 | Selenium i 50 250 4372 286 Yes 699.76 o8] No Plume Definttion |
0487 344198 | Trichioroethene ! 5 13.20 5685.56 0.01 No Plume Definition
0487)  3/4j98|Uranium-253/234 107 14.95 60.7 0.26 No Plume Definition
0487 3/4/98 | Uranium-238 H 0.768 - 16.80 41.8 031 No Plume Definition
0487 7/29/98 |Methylene Chloride : DB 5 1.60 No Plume Definition
0487|  7720/98{Selenium i 50 174 4372 199]  Yes 529.76 012 Mo Plume Definfion
0487 7/29/98 | Trichloroethene D j 5 12,60/ 5685.56 0.01 No Plume Definiticn
0487]  7/29/98 |Uranium 233/234 pCiL | 1.07 15.44 60.7 027 No Plume Definition
0487 7720/98|Uranium 238 pcil | ¢ 0768 17.44 218 032 No Plume Definition
05391 2/18/98] Carbon Tetrachioride agt | | 5 2.60 32.68 0.40 No Plume Definition
05381]  2/18/98 |Uranium233234 . 2701pGill ] 107 252 60.7 0.04 No __|Plume Definition
05391]  2/18/98|Uranium.238 ! 0,92 pCill 0.768 1.20 18 0.02 No Plume Definition
05391 7/7/98 | Uranium-233/234 H 1.64|pCiL 1.07 153 60.7 003 ! No Plume Defintian
05391 7798 |Uranium238 | t1.24|pCil 0.768 162 418 0.03 : No Plume Definition
2987 672198 | Nickel T 7oojugl | 100 17.70 2137 8283]  Yes 1742 102 Yes No Plume Definition
2087 612198 Selenium T aenoojugt 50 722 1372 826]  Yes 406 0.89 | No Plume Definflion
2987 6/2/98 | Uranium-233/234 11.76 | pCiL 107 10.99 607 019 No Plume Definition
2087 612198 Uranium-238 _serjicit . o768 1128 418 021 ! No Plume Definition
c 2987| torz2ieBiNickel 95500 [ugiL. : 100 255 2137 4468  Yes | 1742 055 T No Plume Defintion ~
o 2987|  10/22/98|Selenium 251.00 vgl. ! 50 502 13.72 574]  Yes | 406] 062 No Plume Definition
b 2987| 10722198 Sulfate T 530.00|mglt ‘ 500 166 435.6 191]  Yes | No Plume Definition
= 2087| 10722198 [Uranium-233/234 12.70]pCiL ! 107 1187 60.7 021 No Ptume Definition
Y 2087|  10722/98} Uranium-238 T T emojpcin | oves 21 418 022 ] No " |Plume Definition
8 3087|  5/21/98|Uranum-233/234 | 1171 pCil ' 107 109 60.7 0.02] o No Plume Definition
3087]  10/28/98 | Trichloroethene 5.00|ug/l : 5 1.00 No Plume Definition
Q 6286]  2/24/98]Carbon Tetrachloride | 8.00 jug/L | 5 160 976 082 T No Plume Definition
£ | 6286 214/98 Selenium “eosolugh . 50 122 4372 138 ves 65.96 0.92 No Plume Definition
= 6285]  2125/98 | Uranium 2331234 " Tazoipon | 107 439] 60.7 0.08 | No Plume Definition
E 6286 2125/98 [ Uranium 238 o i Tastect | o7es 5.00] 418 0.09 No Plume Definition
6286 718/98 Carbon Tetrachioride wh, 5 120! 976 0.61 e Plume Defintion
6286 778/98 | Uranium-233/234 23jpcit_ | 1.07 3011 607 0.05 _ N Plome Definition
6286 71898 |Uranium-238 278(pCIL | | o768 384 418 0.07 ] i No  iPlume Definition
6386]  7/14/98 |Uranium 233/234 S 504 60.7 014 - No  iPlume Defintion
6386]  7/14/98 |Uranium-238 ! 6.71/pCil | oes 873 4138 016 : No Plume Definition
_ 6386 9/28/98 Methyienegr]loride »4 - 8.00 fug/l L 5 1.60 i No Plume Definition
77302) 6/9/98 | Uranium-233/233 21.73[pCiL ! 107 2031 607 036 ! ' N Plume Defintion |
77392 6/6/98 | Uranium-238 : 2.34pCilL | ores; 16.06 418 0.30 i k o No Plume Definfion
77392]  6/10/98 | Fluoride " 510imgl 4 128 155 229]  Yes T No Plume Definition
P208389]  2/18/98]4,1-Dichloroethene ; 29.00|ugll. ) 71 a1a 86.48 0.33 No Plume Definition
P209489 5/13/98  Carban Tetrachloride | 52.00jugh. . D 5 10.40 83.26 062 No Plume Definition
P209489 513198 Methylene Chloride s 2} 5 1.20] No Plume Definition
P209488]  5/13/98  Trichioroethene e300 ) 5 12,60 504 0.70 No Plume Definition
209489 SHag8 |NateiNinte | 120.00ImgL N 10 12.00 4.664 26.73 316.24 0.38 No Plume Definition
P209488]  5/14/98] Uranium 233234 : 13.34 1,07 1247 60.7 02 No Piume Definfion
P200489|  514/98]Uranium-235 T 1aslpoit ¢ 101 A7 179 0.66 No Plume Definition
P209489]  5/14/98| Uranium-238 : 12.38|pCik. 0.768 16.11 418 0.30 No Plume Definition
P208489]  12/16/98 |Nirate/Nitite 180,00 |mg/L. 10 18.00 4,664 3859  Yes 316.24 0.57 No Plume Definition
P209489]  12016/98 | Uraniurn-233/234 18.10|pCiL 1.07 16.92 607 0.30 No Plume Definfion |
P209483]  12/16/98 |Uranium-238 T 15.40 pGiL 0.768 19.66 118 0.96 j No Ptume Definition
P219189 1/6/98]1,1-Dichloroethene ! 17.00jugl . 7 243 4676 0.36 No Plume Definition
P219189 6/16/98 | 1.1-Dichloroethene T 000jugt | 7 429 46.76 064 No Plume Definition
P219188 6/16/98 | Carbon ?etrachionde 7.06‘ i : 5 1‘.;0 No Plume Definition
P219189]  6/16/98 | Urenium-233/234 : 6.15 107 52.48 607 093 No Piume Definition
P219189]  6/16/98 | Uranium-235 B 101 in 179 176 Yes No Plume Definition
P219189]  6/16/98] Uranium 238 4387 [pCiLL T o768 57.12 418 105]  Yes No Plume Definition
P219189|  11/3/98(1,1-Dichloroethene T 18.00]ugl 7 257 46.76 0.38 j No Plume Definition
P416789 3/24/98 | Tetrachioroethene ! 5.00 fugll i 5 1.00 H 7.63 0.66 No Plume Definition
P416783]  3/24/08 | Trichioroethens ; icoolugh | | 5 200 2648 038 No Phume Definfion
P416885 3/9/98 | Tetrachloroethene 1 6.00 {ug/L H H 5 1.20 77.7 0.08 No Plume Definition
P416889 6/2/98 | Tetrachlorpethene t 3000 ug/t ; | 5 6.00 7.7 0.38 No Plume Definition
P416889|  10728/98| Tetrachiorosthene | oot | s 5.80 777 0.37 No Plume Definttion
P416889|  10/28/96 | Uranium-233/234 : 130pcil | B | 1.07 121 60.7 0.02 : No Plume Definition
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Table 2-8 1998 Groundwater Values Above Tier Il Action

RF/RMRS-99-XXX.UN
Draft 1998 Annual Groundwater Monitoring Report

Levels and Standard Framework Criteria (ALF) in RFCA - Designated Wells

Back- Back- N "
WellClass |  Location s;’:{;” Analyte Result | Units | Q | Tierli |TierWRatio] ground | ground A‘;"r‘;::d‘:"‘ "’;’:;;" "::o‘c H;‘b::’i:? Reportable? Well Class
M2SD Ratio
03991 8/6/98 | Carbon Tetrachloride 41.00|ug 2] 5 8.20 7.2 1.51 Yes Yes Plurmne Extent
03991 8/6/98 | Tetrachloroethene 11.00ught. 5 220 6.38 1.72 Yes Yes Plume Extent
03991 8/6/98 | Trichloroethene €.00ugll. 5 1.20 18.03 0.32 No Plume Extent
03991 8/6/98 | Uranium-233/234 2.08[pCill. 1.07 1.85 60.7 0.03 No Plume Extent
03991 8/6/98 | Uranium-238 1.38 [pCiL 0.768 1.80 41.8 0.03 No Plume Extent
04091 2/25/98 |Uranium-233/234 2.48 |pCif 1.07 232 60.7 0.04 No Plume Extent
04091 2/25/98 |Uranium-238 1.52|pCit. 0.768 1.98 41.8 0.04 No Plume Extent
04091 5/27/98 | Uranium-233/234 2.24 1pCill. 1.07 2.10 60.7 0.04 No Piume Extent
04091 5/27/98 ) Uranium-238 1.49 |pCi. 0.768 1.84 41.8 0.04 No Plume Extent
04091 10/19/98 | Uranjum-233/234 2289 |pCilL 1.07 214 80.7 0.04 No Plume Extent
04091 10/19/88 | Uranium-238 1.19ipCilL 0.768 1.55 41.8 0.03 No Plume Extent
04581 3/13/98 | Uranium-233/234 2.98|pCifl. 1.07 279 60.7 0.05 No Plume Extent
04591 3/13/98 |Uranium-238 1.38:pCill 0.768 1.80 41.8 0.03 No Plume Extent
04581 8/24/98 | Uranium-233/234 2.15: pCilL 1.07 2.01 60.7 0.04 No Plume Extent
04591 8/24/98 | Uranium-238 .11 !pCi 0.768 1.45 41.8 0.03 No Piune Extent
04991 - 2/24/98 {Uranium-233/234 5.84pCilL 1.07 5.46 60.7 0.10 No Plume Extent
04991 2/24/98 | Uranium-238 3.541pCit 0.768 461 41.8 0.08 No Plume Extent
04991 6/9/38 | Methylene Chioride 5.00 | ug/t B 5 1.00 No Plume Extent
04981 6/9/98 | Uranium-233/234 5.09 | pCilk 1.07 4.75 60.7 0.08 No Plume Extent
04991 6/9/98 | Uranium-238 2.86|pCilL 0.768 3.72 41.8 0.07 No Plume Extent
04991 10727/98 | Methylene Chloride 6.00|ug/L 5 1.20 No Plume Extent
04591 10/27/98 | Trichlaroethene 6.00 |ug/l. 5 1.20 Yes Plume Extent
04991 10/27/98 | Uranium-233/234 6.42 | pCilL B 1.07 6.00 60.7 0.1 No Plume Extent
04991 10/27/98 |Uranium-238 4.27 |pCiL B 0.768 5.56 418 0.10 No Plume Extent
05091 2/27/98 | Uranium-233/234 4.38|pCilk 1.07 4.08 60.7 0.07 No Plume Extent
05091 2/27/98 ; Uranium-238 2.39{pCilL 0.768 3.1t 418 0.06 No Piume Extent
05091 8/26/98 | Uranium-233/234 5.06 | pCilL 1.07 4.73 80.7 0.08 No Piume Extent
05091 B/26/98 | Uranium-238 3.06 |pCilt. 0.768 3.98 41.8 0.07 No Plume Extent
06091 3/4/98 | Carbon Tetrachloride 5.00 jug/L 5 1.00 4.44 1.13 Yes No Plume Extent
06091 3/4/98 } Uranium-233/234 4.00 [pCiflL 1.07 3.74 60.7 0.07 No Plume Extent
06091 3/4/98 | Uranium-238 2.82{pCiL 0.768 3.67 41.8 0.07 No Plume Extent
06091 4/23/98 | Uranium-233/234 2.08|pCiiL 1.07 1.95 60.7 0.03 No Plume Extent
06091 4/23/98 | Uranium-238 1.25 [ pCin. 0.768 1.63 41.8 0.03 No Plume Extent
06091 10/29/98 | Carbon Tetrachioride 6.00 ug/L 5 1.20 4.44 1.35 Yes No Piume Extent
b 06091 10/29/98 | Methylene Chloride 17.00 jug/L 5 3.40 Yes Plume Extent
c 06091 10/28/98 | Nitrate/Nitrite 12.00|mgh 10 1.20 4.664 2.57 Yes Yes Plume Extent
3 06081 10/29/98 | Uranium-233/234 3.39pCiL B 1.07 3.17 60.7 0.06 No Piume Extent
>< 06091 10/28/98 { Uranium-238 2.16|pCilt. B 0.768 2.81 418 0.05 No Plurne Extent
il 08091 6/17/98 | Uranium-233/234 7.88|pCil. 1.07 7.37 60.7 0.13 No Plume Extent
Q 08091 6/17/98 { Uranium-238 3.19|pCit 0.768 415 41.8 0.08 No Plume Extent
E 10194 3/4/98 t Uranium-233/234 2.48 |pCit 1.07 230 60.7 0.04 No Plume Extent
s § 10194 3/4/98 i Uranium-238 1.25:pCit 0.768 1.63 41.8 0.03 No Plume Extent
g 10194 7/20/98 { Uranium-233/234 2.26ipCilL 1.07 2.11 60.7 0.04 No Plume Extent
o 10194 7/20/98 | Uranium.238 1.581pCiL 0.768 2.06 118 0.04 No Plume Extent
10894 7/14/98 | Selenium 285.00jug/L 50 5.70 4372 6.52 Yes 1097.2 0.26 No Plume Extent
10894 7/14/98 | Uranium-233/234 7.52 pCilL 1.07 7.02 60.7 0.12 No Plume Extent
10984 7/14/98 | Uranium-238 5.03 [pCil. 0.768 6.55 41.8 0.12 No Plume Extent
1386 5/27/98 | Nicket 326.00 jug/t 100 3.26 21.37 15.26 Yes 308.75 1.06 Yes Yes Plume Extent
1386 '5/27/95 Strontium-89/90 1.17 | pCiL 0.852 1.37 2.85 0.41 No Plume Extent
1386 5/27198 [Uranium-233/234 8.94 [pCiL 1.07 8.35 60.7 0.15 No Plume Extent
1386 5/27/98 | Uranium-238 7.08|pCiL 0.768 9.22 41.8 0.7 No Plume Extent
1386 6/19/98 | Nicke] 305.00 |ug/l. 100 3.05 21.37 14.27 Yes 308.75 0.99 No Plume Extent
1386 7/15/98 | Nickel 521.00 |ug/t. 100 5.21 21.37 24.38 Yes 308.75 1.69 Yes Yes Plume Extent
1386 8/19/98 | Nickel 978.00 [ug/L 100 9.79 21.37 45.81 Yes 308.75 3.7 Yes Yes Plurne Extent
1386 10/14/98 | Nickel 904.00 | ug/L 100 8.04 21.37 42.30 Yes 308.75 2.93 Yes Yes Plurne Extent
1386 10/14/98 | Uranium-233/234 7.01|pCill 1.07 6.55 60.7 0.12 No Plume Extent
1386 10/14/98 | Uranium-238 6.90 | pCi/L 0.768 8.98 418 0.17 No Plurne Extent
1786 4/23/98 | Nitrate/Nitrite 510.00 | mg/t. 10 51.00 4664 109.35 Yes 689.31 0.74 No Piume Extent
1786 4/23/98 | Selenium 126.00 |ug/L 50 2.52 43.72 2.88 Yes 290.81 0.43 No Plume Extent
1786 4/23/98 | Uranium-233/234 40.74 | pCin. 1.07 38.08 60.7 0.67 No Piume Extent
1786 4/23/98 | Uranium-235 1.48 | pCiL 1.01 1.45 1.79: 0.82 No Plure Extent .
1786 4/23/98 | Uranium-238 28.67 [pCWL 0.768 37.33 41.8 0.69 No Piume Extent
1786 10/28/98 | Nitrate/Nitrite | 570.00 | mg/L. 10 57.00 4.664 122.21 Yes 689.31 0.83 No Plume Extent
1786 10/28/98 | Selenium : 166.00 |ug/L 50 338 43.72 3.87 Yes 290.81 0.58 No Plume Extent
1786 10/28/98 | Trichloroethene 6.00 | ug/L 5 1.20 No Plume Extent
1786 10/28/98 | Uranium-233/234 33.20 |pCiL 1.07 31.03 60.7 0.55 No Plumne Extent
1786 10/28/98 | Uranium-238 26.60 | pCiL B 0.768 34.64 418 064 No Plume Extent
1986 3/23/98 |Manganese 2050.00 | ug/t. 183 11.20 162.33 1263 Yes 3304 0.62 No Plume Extent
1886 6/17/98 |Manganese 3690.00 fug/l M 183 20.16 162.33 22.73 Yes 3304 1.12 Yes Yes Plume Extent
1988 10/27/38 |Manganese 2610.00 |ug/l. 183 14.26 162.33 16.08 Yes 3304 0.78 No Plume Extent
1986 10/27/98 | Trichloroethene 28.00 | ug/l. 5 5.60 No Plume Extent
1986 10/27/98 | Uranium-233/234 2.44 | pC¥L B 1.07 228 60.7 0.04 No Plume Extent
1886 10/27/98 | Uranium-238 2.02|pCiL B 0.768 263 41.8 .05 No Plume Extent
1986 11/23/98 2580.00 fug/l. 183 14.15 162.33 15.96 Yes 3304 0.78 No Plume Extent
1986 12/16/98 | Manganese 2330.00 | ug/L M 183 12.73 162.33 14.35 Yes 3304 0.71 No Plume Extent
2186]  12/2/98 | Uranium-233/234 1.42|pCi 1.07 133 507 0.02 No Plume Extent
2186 12/2/98 | Uranium-238 1.04 [pCi/L B 0.768 1.35 41.8 0.02 No Plume Extent
22696 8/31/98 | Trichloroethene 10.00; ug/l 5 2.00 No Plume Extent
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RF/RMRS-99-X0XX.UN
Draft 1998 Annual Groundwater Monitoring Report

Table 2-8 1998 Groundwater Values Above Tier Il Action Levels and Standard Framework Criteria (ALF) in RFCA - Designated Wells

Well Class |  Location s;’;"" Analyte Result | Units | @ | Tier |Tier HRatio g?:::d gBr::::d Above Backq  Historic | Historic Above Reportable? Well Class
e ground? m2sD Ratio Historic?
M2SD Ratio
22796 6/16/98 1150.00 |ug/L M 183 6.28 162.33 7.08 Yes No Plume Extent
22796 6/16/98 | Trichloroethene 29.00 juglt. 5 5.80 No Plume Extent
22796 12/1/98 [Manganese 391.00 |ugh. 183 2.14 162.33 241 Yes No Plume Extent
22796 12/1/98 | Uranium-233/234 3.03{pCifl. 1.07 2.83 60.7 0.05 No Plume Extent
22796 12/1/98 | Uranium-238 1.89pCill B8 0.768 246 41.8 0.05 No Plume Extent
22896 3/23/98 [Manganese 361.00ugh. 183 1.97 162.33 2.22 Yes No Plume Extent
22836 3/23/98 | Nickel 1050.00 jug/t 100 10.50 21.37 49.13 Yes No Plume Extent
22806 3/23/88 | Trichloroethene 3400.00 |ug/l 5 680.00 No Plume Extent
22896 9/1/98 | Chromium 248.00 jug/L 100 2.48 12.44 19.94 Yes No Plume Extent
22806 9/1/98  Trichloroethene 2400.00 juglt D 5 480.00 No Plume Extent
23086 2/26/98 | Uranium-233/234 1.90{pCiL 1.07 1.78 §0.7 0403 No Plume Extent
23096 2/26/98 | Uranium-238 2.85pCit. 0.768 3.71 418 0.07 No Plume Extent
23096 8/17/98 |Uranium-233/234 2.56 [pCit. 1.07 238 60.7 0.04 No Plume Extent
23096 8/17/98 |Uranium-238 2.97 1 pCiL 0.768 3.87 418 0.07 No Plume Extent
23196 2/25/98 | Nitrate/Nitrite 10.20mgAt. 10 1.02 4.664 219 Yes Yes Plume Extent
23296 3/24/98 [ Carbon Tetrachloride 13.00 fugit. 5 2.60 No Plume Extent
23296 3/24/98 | cis-1,2-Dichloroethene 78.00|ugt. 70 111 No Plume Extent
23296 3/24/98 [ Tetrachloroethene 17.00 lugil 5 3.40 No Plume Extent
23206 3124198 | Trichloroethene 690.00 | ugh. 5 138.00 No Plume Extent
23296 3/24/98 | Uranium-233/234 18.30 | pCitL 1.07 17.10 60.7 0.30 No Plume Extent
23296 3/24/98 {Uranium-238 13.10{pCWL 0.768 17.08 41.8 0.31 No Plume Extent
23296 8/31/98 | cis-1,2-Dichioroethene 100.00 {ug/t. E 70 1.43 No Plume Extent
23296 8/31/98 | Manganese 327.00 |ug/l 183 1.79 162.33 201 Yes Yes Plume Extent
23286 8/31/98 | Tetrachioroethene 10.00 |ug/. 5 2.00 Ne Plume Extent
23296 8/31/98 | Trichloroethene 280.00{ug/ 2] 5 56.00 No Plume Extent
23206 8/31/98 | Uranium-233/234 11.50|pCi¥L 1.07 10.76 60.7 0.18 No Plume Extent
23296 8/31/98 | Uranium-238 8.47{pCilL 0.768 11.03 41.8 0.20 No Plume Extent
3586 3/16/98 {Uranium-233/234 3.01pCift. 1.07 2.81 60.7 0.05 No Piume Extent
3586 3/16/98 | Uranium-238 B 2.73[pCiL 0.768 355 418 0.07 No Plume Extent
3586 6/5/98 | Manganese 4180.00 jug/l. 183 22.84 162.33 25.75 Yes 4357 0.96 No Plume Extent
3586 6/5/98 | Uranium-233/234 2.27(pCiL .07 2.13 60.7 0.04 No Plume Extent
3586 6/5/98 |Uranium-238 1.62 | pCill. 0.768 2.11 418 0.04 No Plume Extent
E 3586 6/5/98 | Vinyl Chioride 14.00jug/l. 2 7.00 776 0.02 No Plume Extent
[«}] 3586 10/20/98 4270.00{ugh 183 23.33 162.33 26.30 Yes 4357 0.98 No Plume Extent
; 3586 10/20/98 | Uranium-233/234 2.44 pCiL 1.07 2.28 60.7 0.04 No Plume Extent
uJ 3586 10/20/98 | Uranium-238 2.02|pCilk 0.768 2.63 418 0.05 No Plume Extent
3586 10/20/98 | Vinyl Chioride 39.00 | ug/l 2 19.50 776 0.05 No Piume Extent
Q 5387 2/26/98 | Uranium-233/234 9.52 |pCiiL 1.07 8.90 60.7 0.16 No Plume Extent
E 5387 2/26/98 | Uranium-238 8.03 |pCi 0.768 10.46 41.8 0.19 No Plume Extent
2 5387 6/2/98 | Uranium-233/234 11.26 | pCil. 1.07 10.63 60.7 0.19 No Plume Extent
n_ 5387 ©/2/38 {Uraniim-238 7.30]pCin. 0.768 9.50 41.8 0.47 No Plurne Extent
5387 11/17/98 | Methylene Chloride 8.00]{ug/t 5 1.60 Yes Plume Extent
7086 2/27/98 |Manganese 326.00 jug/t. 183 1.78 162.33 2.01 Yes 761 0.43 No Plume Extent
7086 2/27/98 |Uranium-233/234 1.10{pCilL . 1.07 1.03 80.7 0.02 No Plume Extent
7086 2/27/98 | Uranium-238 0.88 [pCit. 0.768 1.15 418 0.02 No Plume Extent
7086 7/28/98 | Manganese 309.00 fug/l. 183 1.69 162.33 1.90 Yes 761 0.41 No Plume Extent
75992 717198 | Methylene Chloride T 10.00 |ug/L B 5 200 No Plume Extent
75992 7/7198 | Strontium-89/90 1.02|pCiWL 0.852 1.20 285 0.36 No Plume Extent
75992 7/7/98 | Uranium-233/234 10.46 | pCi/L 1.07 878 60.7 0.17 No Plume Extent
75992 7/7/98 | Uranium-238 8.17 | pCiL 0.768 10.64 41.8 0.20 No Plume Extent
8208289 2/24/98 | Nitrate/Nirte 4770 mg/L 10 477 4.664 10.23 Yes 60.44 0.79 No Plume Extent
B208289 6/3/98 | Nitrate/Nitrite 27.00{mg/L 10 270 4.664 5.78 Yes 60.44 0.45 No Piume Extent
B208289 8/3/98 ; Selenium 2880.00 [ug/L 50 57.60 43.72 65.87 Yes Yes Plume Extent
B208289 11/16/98 { Selenium 3220.00{ugl. 50 84.40 43.72 73.65 Yes Yes Plume Extent
B208789 5/27/98 {Manganese 454.00{ugh. 183 2.48 162.33 2.80 Yes 624.21 0.73 No Plume Extent
B208789 5/27/98 | Uranium-233/234 14.33|pCiL 1.07 13.39 60.7 0.24 No Plume Extent
B208789 5/27/98 | Uranium-238 11.44|pCifL 0.768 14.90 418 0.27 No Plume Extent
B208789 11/19/88 |Manganese 622.00 |ug/i. 183 3.40 162.33 3.83 Yes 624.21 1.00 Yes Yes Plume Extent
B208789 11/19/98 Uraniurn—23312_374 10.70|pCiL B 1.07 10.00 60.7 0.18 No Plume Extent
B208789 11/19/98 [ Uranium-238 8.06|pCit B 0.768 10.49 418 0.19 No Plume Extent
P114389 6/19/98 |Manganese 568.00 |ug/t. 183 3.10 162.33 3.50 Yes 663.52 0.86 No Piume Extent
P114389 7/21/98 |Manganese 549.00 |ug/L 183 3.00 162.33 3.38 Yes 663.52 0.83 No Plume Extent
P114389 8/18/98 |Manganese 711.00 fug/t 183 3.89 162.33 4.38 Yes 663.52 1.07 Yes Yes Plume Extent
P218389% 1/20/98 | Nitrate/Nitrite 10.00 [ mg/t 10 1.00 4.664 2.14 Yes No Plume Extent
P218389 6/16/98 | Uranium-233/234 1.98|pCiVL 1.07 1.85 60.7 0.03 No Plume Extent
P218389 6/16/98 { Uranium-238 1.55 | pCiL 0.768 2.02 418 0.04 No Plume Extent
P219489 1/7/98 | Nitrate/Nitrite 42.00 |mg/l. 10 420 4664 9.0t Yes 38 1.1 Yes No Plume Extent
P219488 6/10/98 | Uranium-233/234 5.67 [pCift. 1.07 5.30 60.7 0.09 No Plume Extent
P219489 6/10/98 ; Uranium-238 3.88 | pCill. 0.768 5.05 41.8 0.09 Ne Plume Extent
P219489 11/3/98 | Methylene Chloride 6.00 ug/l. B 5 1.20 No Plume Extent
P219489 11/3/98 | Nitrate/Nitrite 47.00{mg/L 10 470 4.664 10.08 Yes 38 1.24 Yes No Plume Extent
P314289 7I21/98IManganese 330.00{ug/L 183 1.80 162.33 2.03 Yes Yes Plume Extent
P314289 7/21/98[Nicke¥ 140.00 jug. 100 1.40 21.37 6.55 Yes Yes . Plume Extent
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RF/RMRS-99-433. UN
1998 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Monitoring Report -

Table 2- 9. RFCA-Designated Wells with No Analytes
Above Tier Il Action Levels

Well Number IMP Well Class
00197+ PLUME EXTENT
00297+ PLUME DEFINITION
00397+ PLUME EXTENT
02197+ PLUME EXTENT
22596 PLUME EXTENT
22096 PLUME EXTENT

3386 PLUME EXTENT

43392 PLUME EXTENT

4787 PLUME EXTENT

4887 PLUME EXTENT

6186 PLUME EXTENT

m__h_‘_{

76992 PLUME EXTENT
P209289* PLUME DEFINITION
P313589 PLUME EXTENT

* Indicates well was dry throughout 1998

The uranium isotopes U-233/234, U-235, and U-238 were detected above Tier I action levels in all six

Boundary wells. All of the uranium isotope analytical results were below the background M2SD

benchmarks, and are not considered reportable values. Monthly confirmation sampling for tritium at well

10394, initiated in 1998 as a result of an above Tier II action level result (1,130 pCi/L) reported for the

November 25, 1997, sampling event, failed to confirm the presence of tritium in this well at above Tier [I

action levels (Figure 2-2). It is, therefore, concluded that the tritium exceedance was a spurious analytical

result.
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Figure 2-1 Through 2-59 RF/RMRS-99-433.UN
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2.3.2.2 Drainage Wells

Five Drainage wells, 6486, 6586, 5587, 38591, and 00997, were sampled in 1998. Nickel was reported
above the Tier IT action level, background M2SD, and historic M2SD for samples collected from wells

6486 and 6586 (Table 2-8). Figures 2-3 and 2-4 show an increasing trend for nickel in wells 6486 and

6586 beginning in the third quarter 1996 and continuing through 1998. As such, nickel in these wells

represent reportable values.

According to the IMP, an evaluation of surface water impacts is required at this stage of the process,
although the reason for a nickel exceedance at these wells has not been ascertained. At these
concentrations, nickel is not known to be a widespread contaminant. The localized nature of nickel at
these wells suggest that the high nickel concentrations may be caused by sampling artifacts related to the
stainless steel composition of the well casing, changes in sampling procedures, and/or the well
geochemical environment. Well sampling techniques at these wells have changed over the past few
years, so sampling artifacts caused by changes in purging or sampling technique may explain the high
concentrations. Corrosion of well screen (316 stainless steel) and centralizer (304 stainless steel)

materials may also be a factor given the fourteen year old age of the wells.

In FY2000, an evaluation of nickel concentrations at wells 6486 and 6586 will be undertaken, including a
reexamination of sampling procedures and a downhole television camera survey of well casing and screen
conditions to check for corrosion. In addition, a paired PVC Geoprobe well will be installed next to each
well and sampled for metals to confirm the presence or absence of nickel in groundwater at these
locations. Reproduceable nickel detections above the Tier II action level and historic M2SD |
concentration at the proposed new well points will then cause the initiation of a surface water impact
evaluation developed to investigate the extent of nickel contamination and determine whether nickel
represents a potential threat to the surface water quality of Woman Creek. Until the sampling artifact

evaluation is completed, these wells will be sampled as part of routine sampling operations.

The uranium isotopes U-233/234 and U-238 were detected above Tier Il action levels in four Drainage
wells, 00997, 38591, 6486, and 6586. All of the uranium results were below the background benchmarks

and, as such, are not reportable values.

2.3.2.3 Performance Monitoring Wells

Performance monitoring wells monitor the effect of a remedial action or source removal on downgradient
groundwater quality. As such, contaminant trends over time are the basis for determining reportable

values. In considering results for Performance monitoring wells, Tier II action levels and background
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benchmarks are applied only to determine which analytes are to be monitored using trend charts.
Eighteen Performance monitoring wells, including four special groundwater monitoring stations
associated with the French Drain (COLWELL and COLGAL), Mound (SW059), and B881 footing drain
(SW13494), were sampled in 1998. The wells have been grouped by project to facilitate an interpretation
of the results.

Mound

“Wells 00897 and 02291 monitor downgradient groundwater quality along the proximal and medial

portions of the Mound plume near the site of the former Mound source remediation project. From Table
2-8, the contaminants primarily associated with these wells are PCE, TCE, and possibly methylene
chloride. The uranium isotopes U-233/234 and U-238 were detected at above Tier II action levels but

below background levels, thus the values do not qualify as reportable results.

Figures 2-5 through 2-7 illustrate the concentration trends of PCE, TCE, and methylene chloride for well
00897 and Figure 2-8 illustrates the PCE concentration trend in well 02291. There was an insufficient
number of values to plot methylene chloride for well 00887. Due to the short monitoring period since
well 00897 was installed, there is currently an insufficient amount of data to evaluate the trend of PCE
and TCE in this well. Some seasonality may be evident in the data with contaminants attaining peak
concentrations during the spring months. PCE and TCE in well 02291 indicate erratic, but generally
upward, trends that began well before the initiation of source removal activities in 1997. It is expected
that the upward trend of these contaminants will eventually reverse and decline as the effects of the
Mound source removal are manifested in source area groundwater. Tentatively, the high methylene
chloride value (12,000 pg/L) reported for well 00897 is attributed to laboratory contamination that was

magnified by dilutions (2,500x) necessary to quantify TCE.

Trench T-3

Wells 11891 and 12191 monitor downgradient groundwater quality associated with the Trench T-3 source
remediation project. From Table 2-8, the contaminants primarily associated with these wells are PCE and
carbon tetrachloride, with lesser concentrations of TCE. 1,1-Dichloroethene was detected once above the
Tier II action level concentration in well 12191, but at a relatively low concentration (7 pg/L) compared
to the other VOC contaminants. The uranium isotopes U-233/234 and U-238 were detected at above Tier

IT action levels but below background levels, thus the values are not considered to be reportable.

For assessing concentration trends, only the major contaminants, PCE and carbon tetrachloride, were

selected for trend plotting, as these contaminants are expected to adequately monitor groundwater quality
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conditions in the vicinity of the trench. The 1998 carbon tetrachloride and PCE results for wells 11891
and 12191, shown in Figures 2-9 through 2-12, are consistent with the historical concentrations of these
contaminants, with the possible exception of fourth quarter 1998 PCE in well 11891. Concentration
trends for these contaminants are essentially flat and unchanged over time. The significance of the fourth
quarter 1998 spike in PCE concentration in well 11891 will be assessed with subsequent data collected

during routine groundwater sampling in 1999.

Trench T-4

The potential impact of the Trench T-4 source remediation project on alleviating groundwater
contamination is monitored by downgradient Performance monitoring wells 3687, 05691, and 12691.
Volatile organic groundwater contamination in well 3687, ranked by Tier II ratios, consists principally of
TCE, PCE, and carbon tetrachloride, with lower Tier II ratios of 1,1-dichlorocthene, chloroform, and
possibly methylene chloride. TCE concentrations consistently exceed Tier I action levels, while PCE and
carbon tetrachloride each exhibit single instances of Tier I exceedances. Wells 05691 and 12691 contain
basically the same suite of major organic contaminant as well 3687, though in lower concentrations and
different proportions. However, detectable concentrations of 1,1-dichloroethene and chloroform above
Tier II action levels were not found in either well. A single detection of cis-1,2-dichloroethene was
reported for well 12691 at the Tier I action level of 70 pg/L. The uranium isotopes U-233/234 and U-
238 were detected at above Tier II action levels but below background levels in all three wells, thus the

values are not considered to be reportable.

Based mainly on Tier II ratio rank, trend plots, shown in Figures 2-13 through 2-18, were prepared to
evaluate historical groundwater concentration trends at Trench T-4: wells 3687 and 05691 (TCE and
carbon tetrachloride), and well 12691 (PCE and carbon tetrachloride). In all plots, the contamimant
concentration trends are either flat or slightly declining. Moderate increases in TCE and carbon
tetrachloride concentrations are apparent in the fourth quarter 1998 at well 3687, but the presence of
similar, possibly seasonal, peaks in both plots suggest that the up turn may only represent a short-term
transient effect that is controlled by local hydrologic conditions. The significance of the fourth quarter
1998 spike in TCE and carbon tetrachloride concentrations in well 3687 will be assessed with subsequent

data collected during routine groundwater sampling in 1999

French Drain

Performance monitoring wells assigned to the French Drain include downgradient wells 10592, 10692,
10792, 10992, and 11092; the 881 Hillside collection well, 891COLWEL; and the 881 Hillside collection
gallery, 891COLGAL. Except for single occurrences of methylene chloride in wells 10592 and 11092,
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VOCs characteristic of the 881 Hillside groundwater plume (IHSS 119.1), as indicated by the
contaminants present in 891COLWEL, were not detected above Tier II action level concentrations in any
of the Performance monitoring wells positioned downgradient of the French Drain. VOC contamination
above Tier II action levels in 891COLWEL consists mainly of TCE with lower concentrations of PCE,
carbon tetrachloride, and possibly methylene chloride. No VOC contamination above Tier Il action levels

was detected in 891COLGAL.

Selenium was detected above Tier II action levels and background M2SD in wells 10592, 10792, and
10992, with the highest concentrations reported for well 10992 located directly downgradient of the 881
Hillside plume. An above Tier II action level and background M2SD concentration of nitrate/nitrite, an
historical 881 Hillside plume contaminant, was detected in only one well, 10992 (nitrate/nitrite is
currently not monitored at 891 COLWEL and 891COLGAL). 891COLGAL, which comprises all
groundwater discharged from the French Drain, contained no detectable VOCs or selenium
concentrations above Tier IT action levels during 1998. Uranium isotopes U-233/234 and U-238 were
detected at above Tier II action levels but below background M2SD levels in all locations except well

11092 (no detections above Tier II action levels), thus the values are not considered to be reportable.

As shown in Figures 2-19 through 2-25, trend plots of representative above Tier II action level
contaminants were constructed for wells 10592 and 10792 (selenium), 10992 (selenium and
nitrate/nitrite), and 891 COLWEL (TCE, PCE, and selenium). Selenium concentrations are historically
highest in 891COLWEL located in the center of the 881 Hillside plume. Concentrations in this well rose
from about 200 pg/L in 1992 to over 800 pg/L in late 1995 and early 1996, and have steadily fallen back
to about 500 pg/L in 1998. When viewed over the long-term, selenium trends in 891 COLWEL have
remained relatively flat or have slightly increased. Similar trends for TCE and PCE are observed in
891COLWEL, though peak concentrations were attained about one year earlier than for selenium. The
selenium trend in well 10592 has steadily declined since concentrations peaked in late 1995 or early 1996,
but, over the long term, has returned to concentration levels initially measured in 1993. Selenium trends
in well 10992 show a similar decline, while the trend in well 10792 is essentially flat. Nitrate/nitrite in
well 10992 also shows a flat to declining trend. Considered collectively, the downgradient well data
indicate that contaminants associated with the 881 Hillside plume are not migrating downgradient of the

French Drain, and are, therefore, not reportable.

Ryan’s Pit
One well, 07391, is designated as a Ryan’s Pit plume Performance monitoring well. This well contains

some of the highest VOC concentrations ever detected in groundwater at RFETS. TCE is the primary
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VOC conteiminant, with concentrations attaining a maximum value of 160,000 pg/L during 1998. Other
VOCs detected above Tier 11 action level concentrations include PCE, 1,1,1-trichlorocthane, chloroform,
and methylene chloride; the latter two contaminants having a questionable presence because both were
consistently detected in laboratory blank samples (“B” qualifier). Nitrate/nitrite was detected once above
Tier II action levels and background M2SD concentrations, but below historic M2SD concentrations. It
is, therefore, not considered to be a reportable occurrence. U-233/234, U-235, and U-238 were all
detected at least once above Tier II action levels, with U-238 occurring above background M2SD and

historic M2SD activity-concentrations.

Figures 2-26 and 2-27 show that high TCE and PCE concentration conditions persisted throughout 1998.
The single instances of above historic M2SD levels reported for each contaminant in the third quarter
1998 are apparently seasonal peaks that are related to major recharge events. In general, TCE and PCE
trends do not appear to be increasing, although further monitoring will be required to confirm the
presence or absence of an upward trend, especially for PCE. Consequently, the values are not considered
to be reportable at this time. In comparison, U-238 activity-concentrations consistently increased during
1998 forming a distinct upward trend above historic M2SD concentrations (Figure 2-28). The
combination of abnormally high U-238 activity-concentrations and an upward trend direction represents a
reportable occurrence for this analyte. An evaluation to assess the extent of the problem will be initiated

during FY2000.

Building 881 Footing Drain Sump

Potential contamination associated with the Building 881 footing drain sump is monitored directly at
SW13494 and indirectly by wells 00797 and 5387 (a Plume Extent well). During 1998, organic
contamination at SW13494 was distinguished by PCE concentrations that consistently exceeded Tier II
action levels, and by a single, suspect methylene chloride value (“B” qualified). VOCs were not detected
at downgradient well 00797; however, sulfate was detected above Tier Il action levels and background
M2SD. Uranium isotopes U-233/234 and U-238 were detected at above Tier II action levels but below

background M2SD levels at both locations, thus the values are not considered to be reportable.

Figure 2-29 indicates that PCE concentrations may be increasing at SW13494, although additional data
will be required to confirm the upward trend. The significance of this apparent increase will be assessed
in future quarterly reports for data collected during 1999. Sulfate in well 00797 was detected at the same
concentration (440 mg/L) as last year, but with a sulfate data record consisting of only two values, a trend

plot was not constructed for this analyte.
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2.3.2.4 Plume Definition Wells

Seventeen Plume Definition wells were monitored during 1998 for the 903 Pad/Ryan’s Pit, PU&D Yard,
881 Hillside, ITHSS 118.1, and Industrial Area groundwater plumes (Plate 10). As reported in Table 2-8,
fifteen of these wells contained at least one or more contaminants that exceeded Tier II action levels, but
only well 22896 contained values exceeding Tier I action levels (Tier II ratio greater than or equal to
100). Well 22896 was reclassified as a Plume Definition well in 1998 after unexpectedly high TCE
concentrations associated with the Industrial Area VOC plume were detected in 1996 and 1997. This
discovery lead to an evaluation, presented in Section 4.1 of this report, of potential impacts to surface
water along the northern boundary of the IA VOC plume. TCE concentrations in well 22896

(Figure 2-30) constitute reportable values and prompted an evaluation because this is a new well with no

historic baseline.

2.3.2.5 Plume Extent Wells

East Trenches Plume

The East Trenches Plume is monitored by nine Plume Extent wells, including wells 03991, 04091, 04591,
04991, 05091, 06091, 08091, 10194, and 23296. A tenth well, 75992, is located near South Walnut
Creek between the known boundaries of the East Trenches and Mound plumes, and is employed to
monitor contamination that may originate from either plume. As shown in Plate 10, these wells are
located along the outermost edge of the East Trenches plume to monitor plume movement and spreading
away from potential source areas, such as Trench T-3, Trench T-4, and the northeast lobe of the 903 Pad

VOC plume. VOCs represent the primary constituents of the East Trenches plume.

In previous years, above Tier Il action level concentrations of TCE in well 23296 and carbon tetrachloride
in well 06091 have triggered monthly confirmation sampling investigations that have verified the
presence and concentration of above Tier Il contamination in both of these wells. The Site initiated
further hydrogeologic and surface water evaluations (DOE, 1998) in 1997 at both locations resulting in
the design and installation of a groundwater intercept and treatment system along the upper B-series
ponds (Section 6.3 of this report). VOC contamination above Tier II action level concentrations was not
detected in any of the three new monitoring wells (02697, 02797, and 02897) installed in the
paleochannel downgradient of well 06091, and routine monitoring was resumed at this location (DOE,

1998).

VOC concentrations exceeding Tier 11 action levels were detected in wells 03991 (carbon tetrachloride,

PCE, and TCE); 04991 (methylene chloride and TCE); 06091 (carbon tetrachloride and methylene
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chloride); 23296 (TCE, cis-1,2-dichloroethene, PCE, and carbon tetrachloride); and 75992 (methylene
chloride). Non-radioactive inorganic constituents were not generally detected above Tier II action level
concentrations in the East Trenches Plume Extent wells, although isolated instances of nitrate/nitrite in
well 06091, selenium in well 10994, and manganese in well 23296 were reported during the year. The
uranium isotopes U-233/234 and U-238 were detected at above Tier II action levels but below
background levels in all three wells, thus the values are not considered to be reportable. Likewise,
strontium-89/90 was detected in well 75992 above the Tier IT action level, but below background M2SD

activity-concentrations, and is therefore not a reportable value.

Trend plots for carbon tetrachloride (Figure 2-31), PCE (Figure 2-32), and TCE (Figure 2-33) in well
03991 indicate step-like increases in concentration that are probably triggered by major recharge events.
For carbon tetrachloride and PCE, concentrations peaked above historic M2SD levels immediately
following the spring of 1998 and declined to below historic M2SD concentrations in subsequent sample
periods. The net upward trend of these contaminants, as shown by successively higher “steps” in
concentration, infer that the East Trenches plume is slowly moving eastward along the buried
paleochannel away from source areas. Plume advancement may also be evident at well 04991 (Figure
2-34), located near the southeast boundary of the East Trenches plume, which experienced a sharp rise i
TCE concentration (5 pg/L) to the Tier II action level and above historic M2SD concentrations.
Conversely, the upward trend in carbon tetrachloride concentration at nearby well 06091, observed during
1996 and 1997, has since leveled off to within the 5 to 6 pg/L range, indicating that plume concentrations
in this part of the paleochannel have, at least temporarily, reached an equilibrium condition. Methylene
chloride in well 04991 (Figure 2-35) rose above the Tier II action level in 1998, but did not exceed
historic M2SD concentrations and is considered to be reportable. In well 06091, monthly confirmation
n{onitoring for methylene chloride (Figure 2-36), together with PCE (Figure 2-37), was initiated in 1999.
Monthly confirmation sampling was also initiated in 1999 for nitrate/nitrite (Figure 2-38) in well 06091
and manganese (Figure 2-39) in well 23296. The exceedance values for these wells have been reported in

previous quarterly reports.

Wells 03991 and 06091 are located approximately 600 and 200 feet, respectively, from an unnamed,
deeply incised gully that receives alluvial seep flow at the terminus of the paleochannel. Groundwater
sampling at 04091 in 1998 and 02697 in 1997 failed to detect VOC contamination, thus suggesting that
the leading edge of the plume is limited to the vicinity of wells 03991 and 06091. The significance of the

Tier II action level TCE detections at well 04991 will be assessed after more data is collected in 1999,
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Solar Evaporation Ponds

Plume Extent wells 1386, _1786; 3386, 3586, B208289, B208789, P218389, and P219489 are utilized for
monitoring groundwater contamination associated with the Solar Ponds Plume (SPP). The wells are
located at the edge of the SPP nitrate plume, which primarily extends north from the Solar Ponds to North
Walnut Creek, with additional minor pathways to the east and south toward South Walnut Creek

(Plate 7). Nitrate and uranium are the principal contaminants associated with the SPP.

VOCs concentrations exceeding Tier II action levels were detected in wells 1786 (TCE), 3586 (vinyl
chloride), and P219489 (methylene chloride). Above Tier II action level concentrations of nitrate/nitrite
were found in wells 1786, B208289, P218389, and P219489, all located to the north and east of the Solar
Ponds. Metal concentrations above Tier 11 action levels were detected in wells 1386 (nickel), 1786
(selenium), 3586 (manganese), B208289 (selenium), and B208789 (manganese). The urantum isotopes
U-233/234, U-235, and U-238 were detected at above Tier II action levels in various wells, but below

background M2SD levels at all locations, and are thus not considered to be reportable.

TCE concentrations at well 1786, shown in Figure 2-40, have historically fluctuated at or below the Tier
IT action level of 5 pg/L. Based on previous fluctuations, it is suspected that the 6 pg/L TCE detection
listed in Table 2-8 represents a temporary condition rather than an significant upward trend in
concentration. Routine monitoring for VOCs will continue at this well during 1999 unless further
increases in TCE concentration require the initiation of monthly confirmation sampling. Vinyl chloride
concentrations at well 3586 (Figure 2-41) have fallen considerably since peaking at over 900 pg/L in
1989. The source of vinyl chloride in well 3586 is attributable to the Mound plume; SPP contaminants
such as nitrate and uranium do not appear to be problematical in this well. In 1998, vinyl chloride
continued a downward trend, thus eliminating it as a reportable contaminant. Methylene chloride was
detected only once above the Tier II action level in well P219489 (Figure 2-42). The “B” qualifier
associated with this value indicates that it is potentially caused by a laboratory artifact rather than an

actual increase in groundwater contamination at this location.

The concentration of nitrate/nitrite in wells 1786 (Figure 2-43), B208289 (Figure 2-44), P218389
(Figure 2-45), and P219489 (Figure 2-46) has generally remained within their respective historic M25SD
ranges. None of the 1998 nitrate/nitrite concentrations in these wells exceeded the historic M2SD

concentrations and are, therefore, not reportable.

Nickel concentrations in well 1386 (Figure 2-47) detected during 1998, including values reported for the
monthly confirmation samples, remained well above Tier II action level and historic M2SD levels.

According to the IMP, an evaluation of surface water impacts is required at this stage of the process,
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although the reason for a nickel exceedance at this well has not been ascertained. At these concentrations,
nickel is not known to be a widespread SPP contaminant, as distinguished by the historical absence of
high nickel values in other SPP wells, especially those wells located within the main body of the SPP.
The lack of characteristic SPP contaminants, especially nitrate, further clouds the issue. The localized
nature of nickel at well 1386, like that found at wells 6486 and 6586, suggests that the high nickel
concentrations measured in this well may be caused by sampling artifacts related to the stainless steel

composition of the well casing, changes in sampling procedures, and the well geochemical environment.

In FY2000, an evaluation of nickel concentrations at well 1386 will be undertaken, including a
reexamination of sampling procedures and a downhole television camera survey of well casing and screen
conditions to check for corrosion. In addition, a paired PVC Geoprobe well will be installed next to well
1386 and sampled for metals to confirm the presence or absence of nickel in groundwater at these
locations. Reproduceable nickel detections above the Tier II action level and historic M2SD
concentration at the proposed new well point will then cause the initiation of a surface water impact
evaluation developed to investigate the extent of nickel contamination and determine whether nickel

represents a potential threat to the surface water quality of North Walnut Creek.

Selenium is a minor component of the SPP that is often associated with elevated nitrate/nitrite
concentrations. The selenium concentrations in well 1786 (Figure 2-48) have trended gradually upward
until dropping below historic M2SD concentrations in 1998. Selenium in Well B208289 was detected
above the Tier II action level and background M2SD. Because of an insufficient number of values, the
historic M2SD contamination is not known, and it was not possible to prepare a trend plot for selenium
for this well. Routine monitoring for selenium will continue in this well until a trend direction can be
established and evaluated. While selenium has exceeded Tier II action level and historic M2SD
concentrations in previous years, it is currently not a reportable contaminant for these two wells based on

the concentration levels detected in 1998,

In 1998, manganese concentrations detected in well 3586 (Figure 2-49) were below the historic M2SD
and are not considered to be reportable. The manganese concentrations in well B208789 (Figure 2-50)
were above the Tier II action level, and reached the historic M2SD concentration of 624 pg/L in the
fourth quarter, 1998. Monthly confirmation sampling at this well was started in November 1998 and
continued through January 1999. The well B208789 manganese trend plot shows a pronounced steady
increase in concentration through 1998, after which the concentration drops to below the Tier II action
level concentration in the confirmation samples. The reason for this response is unclear, but does not

appear to be related to sampling technique. Routine monitoring will be continued at both wells.
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Industrial Area VOC Plume (including IHSS 118.1)

Thirteen Plume Extent wells - 1986, 2186, 6186, 7086, P313589, P314289, P416689, 43392, 10994,
22596, 22696, 22796 and 00197 — are utilized for monitoring groundwater contamination associated with
the Industrial Area VOC plume, including THSS 118.1, a distinctive source of IA VOC contamination.
Wells 7086 and 10994 also monitor potential groundwater contamination originating from the Old
Landfill located on the hillside below the 400 area building complex north of Woman Creek. As shown
on Plate 10, the IA VOC plume spans the middle of the IA in a north-northeast orientation that migrates
toward both Woman and North Walnut Creeks. TCE, PCE, and carbon tetrachloride are the primary
VOC contaminants; the distribution of which tend to be source-specific and non-uniform. There are no
known inorganic or radiological groundwater plumes that coincide with VOC contaminated areas within

the [A VOC plume.

Monitoring wells located along the south and east perimeter of the IA VOC plume include 6186, 7086,
P313589, P314289, P416689, 43392, 10994, and 00197. No VOCs or water quality parameters above
Tier II action levels were detected in any of these wells during 1998. Metals detections above Tier 11
action levels in these wells consisted of manganese (wells 7086 and P314289), nickel (well P314289),
and selenium (well 10994). The uranium isotopes U-233/234 and U-238 were detected at above Tier 11
action levels in wells 7086, and 10994, but below background M2SD levels at all locations, and are thus

not considered to be reportable.

Monitoring wells located along the north perimeter of the IA VOC plume include 1986, 2186, 22596,
22696, and 22796. VOC detections above Tier II action levels in these wells consisted entirely of TCE in
wells 1986, 22696, and 22796. Wells 1986 and 22796 also contained consistently high manganese
detections, including a single value above the historic M2SD concentration in well 1986. Selenium above
the Tier II action level and background M2SD was found in well 10994, but not above historic M2SD
concentrations. No water quality parameters were detected above Tier I action levels in any of the north
IA Plume Extent wells. The uranium isotopes U-233/234 and U-238 were detected at above Tier II action
levels in wells 1986, 2186, and 22796, but below background M2SD levels at all locations, and are thus

not considered to be reportable.

The TCE value reported for well 1986 appears to be a spurious result based on the recent below Tier Il
action level history of this compound presented in Figure 2-51. Considering the fact that previous TCE
values in this well have exceeded the upper historic M2SD concentration, the well was kept on a routine
monitoring schedule for VOCs rather than initiating a monthly sampling program (RMRS, 1999b). TCE
concentrations in wells 22696 and 22796 are presented in Figures 2-52 and 2-53. The TCE

concentrations in well 22696, after rising sharply above the Tier II action level in the third quarter of
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1998, have fallen to the Tier II action level in a subsequent sample. A declining trend in TCE
concentrations is apparent in well 22796. Manganese concentrations in wells 1986, 7086, P314289, and
22796, except for a single value in well 1986 (second quarter of 1998), were below historic M2SD
concentrations, and are not considered to be reportable values. Trend plots of manganese concentrations
for wells 1986, 7086, and 22796 (Figures 2-54 through 2-56) confirm that the >1998 detections, including
the above historic M2SD value in well 1986, do not represent significant increases in concentration over
previous monitoring periods. In the case of well P314289, an insufficient number of data points (three)
precluded the construction of a manganese trend plot. The same situation exists for nickel at well
P314289. Selenium concentrations presented in well 10994 (Figure 2-57) tend to fluctuate about the

mean and show no evidence of an increasing trend.

903 Pad/Ryan’s Pit VOC Plume

Migration of the 903 Pad/Ryan’s Pit VOC plume toward Woman Creck is monitored by Plume Extent
wells 23096 and 23196. Plate 10 illustrates the location of these wells in relationship to the distal end of
the plume and creek. The plume is mainly composed carbon tetrachloride from the 903 Pad arca and
TCE from Ryan’s Pit. A more complete listing of individual 903 Pad and Ryan’s Pit plume contaminants

is provided in the discussion of Performance Monitoring and Plume Definition wells presented above.

No VOC or metals contaminants above Tier II action levels were detected in wells 23096 and 23196
during 1998. Nitrate/nitrite was detected once above the Tier IT action level and background M2SD in
well 23196. No other water quality parameters were detected above Tier II action levels in these wells.
The uranium isotopes U-233/234 and U-238 were detected at above Tier Il action levels in well 23096,
but below background M2SD levels, and thus do not qualify as reportable values.

Nitrate/nitrite in well 23196 was detected just above the Tier II action level at 10.2 ug/L. Monthly
confirmation sampling was initiated in September 1998 and completed in November 1998, with the well
being dry during the latter two months. The September 1998 nitrate/nitrite concentration was detected
below the Tier II action level. This contaminant was absent above the Tier I action level in all 903
Pad/Ryan’s Pit Plume Definition wells, including upgradient well 00491. Nitrate/nitrite was detected
once above the Tier II action level in Performance monitoring well 07391, but the crossgradient position
of this well relative to well 23196 and the absence of VOC contamination in well 23196 makes it highly
unlikely that any hydrologic relationship exists between the two wells. Well 23196 was returned to a

routine sampling schedule following the conclusion of monthly sampling.
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PU&D Yard Plume

Plume Extent wells P114389, 76992, 00397, and 02197 are utilized for monitoring VOC contamination
associated with the PU&D Yard, which forms an elongate plume south of the Present Sanitary Landfill
that extends from the PU&D Yard on the west to well 02197 on the east. The primary plume
contaminants consist of PCE, TCE, and 1,1,1-trichloroethane. Further discussion of PU&D Yard plume

contamination is provided in Section 4.2 of this report.

The only constituent found above Tier II action levels in these wells during 1998 was manganese in well
P114389. This constituent had exceeded the historic M2SD concentration in 1997 resulting in a round of
monthly confirmation sampling from June through August 1998. As shown in Figure 2-58, manganese
concentrations in 1998 initially dropped below the historic M2SD value and have since risen above this
benchmark continuing an upward trend begun in 1995. The significance of increasing manganese
concentrations at well P114389 is unknown, but does not appear to be related to VOC contamination at
the PU&D Yard. Manganese is not a PU&D Yard plume contaminant, nor is the well located
downgradient of any IHSS or known contaminant source areca. The well was returned to a routine
sampling schedule based on the results of monthly sampling (2 out of 3 monthly values were below the

historic M2SD) (RMRS, 1998b).

881 Hillside Plume

Wells 4787 and 4887 monitor the extent of the 881 Hillside plume. Well 4787 was dry during both
semiannual monitoring visits in 1998. Well 4887 was sampled once in 1998, but only a partial sample
suite (VOCs and nitrate/nitrite) was collected because of insufficient water conditions. There were no

detections of these constituents above Tier Il action levels in this well.

Mound Plume

The Mound Plume is monitored by Plume Extent wells 3586 and 75992. Discussion of above Tier II
action level concentrations in these wells is contained above within the Solar Evaporation Pond and East
Trenches plume extent subsections of this Section. In summary, vinyl chloride (well 3586), methylene
chloride (well 75992), manganese (well 3586), uranium-233/234 and uranium-238 (wells 3586 and
75992), and strontium-89/90 were detected above Tier I action levels in 1998, but below background
M2SD or historic M2SD concentrations. These detections do not qualify as reportable values under the

data quality objective criteria for Plume Extent wells specified in the IMP.

Building 881 Footing Drain Sump
One Plume Extent well, 5387, monitors discharges associated with the Building 881 Footing Dramn Sump

(SW13494). According to sample results presented for SW13494 (Table 2-8), PCE is the main
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contaminant of concern in sump water at this locality. PCE was not detected at well 5387 during the 1998
sample visits; hdwever, methylene chloride was detected once above the Tier I action level and historic
M2SD benchmark (Figufe 2-59). This constitutes a reportable value, but is considered to be suspect
because of methylene chloride’s reputation as a common laboratory contaminant. The uranium isotopes
U-233/234 and U-238 were detected at above Tier 1T action levels, but below background M2SD levels,
and thus do not qualify as reportable values. No metals or water quality constituents were detected above

Tier I action levels.

2.3.3 Upgradient Versus Downgradient Well Comparisons

This section contains a discussion and evaluation of RCRA monitoring wells only. D&D monitoring well

results are presented by building number in Section 5.0.

RCRA Wells

The Present Sanitary Landfill at RFETS currently operates under CDPHE and EPA guidelines for solid
waste disposal sites and facilities. The current groundwater monitoring program was instituted in ‘
accordance with the Rocky Flats Cleanup Agreement (RFCA, 1996), and further defined for RCRA units
in the IMP. RCRA groundwater monitoring is conducted to detect potential excursions of contamination
beyond an established point of compliance based on comparisions of upgradient to downgradient
groundwater quality. Under the IMP, if significant impacts to groundwater quality are detected in
downgradient RCRA wells and contaminant concentrations are observed to increase with time, then the
results are reported to EPA and CDPHE and an investigation into possible causes is initiated. Special
attention is given to groundwater contaminants listed in the Action Levels and Standards Framework for
Surface Water, Ground Water, and Soils document (RFCA, 1996, Attachment 5), which if exceeded,
trigger an evaluation, remedial action, and/or management action. Non-ALF constituents, such as the
major cation metals sodium, potassium, calcium, and magnesium, are not reportable under RFCA, and
are, therefore, not emphasized in this section. Plate 1 illustrates the location of existing RCRA wells used

for monitoring groundwater quality at the Present Sanitary Landfill.

Recent changes to the site groundwater monitoring program are outlined in the IMP (K-H, 1998a). This
plan specifies the monitoring and reporting requirements for the Present Sanitary Landfill, including well
identification, sampling frequency, analytical requirements, and reporting. Operating procedures are used

to specify techniques for sample collection, preservation, shipment, and chain-of-custody control.
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For the reporting period, upgradient wells 5887, 70193, 70393, and 70493, and downgradient wells 4087,
52894, and B206989, were sampled on a quarterly basis (January-March, April-June, July-September,
and October-December) to determine compliance with RFCA, as set forth in the IMP. Table 2-10
summarizes sampling activities and shows the hydrostratigraphic unit monitored and material screened
for all wells sampled in and near the Present Sanitary Landfill in 1998. The limited number and position
of these wells makes it infeasible to construct potentiometric surface maps and concentration isopleth
maps, thus current and future reports will only assess impacts to or from the landfill at the upgradient and

downgradient landfill boundaries.

Groundwater elevations for active wells were measured quarterly as directed in the IMP (K-H, 1998a).
Quarterly groundwater samples were analyzed in accordance with Appendix E-2 of the IMP. The
absence of complete analyte suites in most quarters for the downgradient wells listed in Table 2-10 is
caused by sample volume limitations imposed by slow recharge and/or thin saturation conditions. The
alluvium and weathered bedrock‘ at these localities are frequently dry or thinly saturated partly because
the dam for the East Landfill Pond acts as a barrier to alluvial groundwater flow from the west, and partly
because evapotranspiration demands consume much of the available shallow groundwater in the gulch
during the summer months. For this reason, it is normally not possible to collect complete sample sets for

each quarterly sampling period.

The assessment of groundwater chemistry at the Present Sanitary Landfill includes an evaluation of the
spatial distribution of groundwater constituents in and around the landfill, and a statistical evaluation of
the chemistry of downgradient groundwater with respect to upgradient groundwater, as specified in the
IMP. Statistical comparisons between downgradient and upgradient groundwater data were made using

the methodology described in the 71995 Annual RCRA Groundwater Monitoring Report (DOE, 1996a).

Compared to the 1997 well data set, the majority of analytes had sufficient data to perform statistical
analyses for 1998 largely resulting from a change from semi-annual to quarterly sampling. The quarterly
reports contain the analytical results for groundwater samples collected during 1998 (RMRS, 1998a,
1998b, 1999a, and 1999b).

2.3.3.1 Spatial Distribution of Groundwater Constituents

Upgradient Wells
Currently, four wells (5887, 70193, 70393, and 70493) monitor groundwater chemistry in the UHSU
immediately upgradient of the Present Sanitary Landfill. Wells 5887 and 70393 are completed in UHSU
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Table 2-10
' Well Completion Information and Sampling Summary for Present Sanitary Landfill Wells

Quarterly Sampling Summary
Hydro- Screened
Well Stratigraphic - Q1 Q2 Q3 Q4
. Material
Unit
Upgradient Wells
5887 UPPER [ ALLUVIUM| VWNMTU|VWNMTU| VWNMTU| VWNMTU
70193 UPPER BEDROCK | VWNMTU|VWNMTU| VWNMTU | VWNMTU
70393 UPPER | ALLUVIUM | VWNMTU|VWNMTUI VWNMTU| VWNMTU
70493 UPPER BEDROCK | VWINMTU | VWNMTU] VWNMTU | VWNMTU
Downgradient Wells
4087 UPPER | ALLUVIUM | VWNMTU | VWNMTU \Y Dry
52894 UPPER | ALLUVIUM Dry VNMTU | VWNMTU Dry
B206989 UPPER BEDROCK V.NMT V,N,T,U V.NT V,M

V = Volatile organic compounds
W = Water quality parameters
N = Nitrate/Nitrite

M = Metals
T = Tritium

U = Uranium isotopes
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alluvial materials and wells 70193 and 70493 are completed in UHSU bedrock. All four wells yielded
complete quarterly sample sets for a total of 16 upgradient samples per analyte. The fourth quarter VOC
results for wells 5887 and 70393 have been flagged with an “R” data validation qualifier indicating that

these results have been rejected and are not reliable.

Concentrations of water quality parameters fall within 0.07 to 0.92 milligrams per liter (mg/L) for
fluoride, 0.05 to 5.8 mg/L for nitrate/nitrite, 13 to 48.4 mg/L for sulfate, and 120 to 230 mg/L for TDS.

- These concentrations occur within the range of background concentrations reported for these analytes in

the 1993 Background Geochemical Characterization Report (DOE, 1993b). A similar situation exists for
all of the metal and radionuclide analytes detected in these wells. Except for the major cations (calcium,
magnesium, sodium, potassium, and strontium), the concentrations of most metal analytes are reported
below the detection limit or as a detectable contaminant in laboratory blank samples (“B” qualified data).
Tritium was not detected in any of the upgradient samples, and the uranium isotopes U-233/234, U-235,
and U-238, were essentially detected in only two wells (70393 and 70493).

Alluvial well 70393 yielded consistent detections of five chlorinated VOCs, including TCE (24 ng/L
maximum), PCE (8 pg/L maximum), carbon tetrachloride (4 pg/L maximum), 1,1,1-TCA (38 pg/L
maximum), and 1,1-DCE (20 pg/L maximum), and single detections of methylene chloride (3 pg/L) and
cis-1,2-DCE (0.5 pg/L). Weathered bedrock well 70493, paired with well 70393, contained generally
lower concentrations and less consistent detections of the type of VOCs found in the overlying alluvium.
VOCs found in this well included methylene chloride (7 pg/L maximumy), TCE (1 pg/L maximum), PCE
(4 pg/L maximum) 1,1,1-TCA (0.8 pg/L maximum), and a single detection of 1,1,1,2-tetrachloroethane
(4 pg/L). Alluvial well 5887 contained single detections of methylene chloride (6 ng/L) and TCE (0.7
pg/L) while weathered bedrock well 70193 contained methylene chloride (19 pg/L maximum) and a
single detection of PCE (0.6 pg/L). These results are generally consistent with the results of previous
monitoring (DOE, 1998b), which determined that the Property Utilization and Disposal (PU&D) Yard

. was the source of this contamination. Results for all other VOC constituents monitored in upgradient

wells were below detection.

Downgradient Wells

Three wells located east of the East Landfill Pond embankment are used to monitor the chemistry of
downgradient groundwater in the UHSU (wells 4087, 52894, and B206989). Well B206989 monitors
groundwater in the UHSU bedrock and wells 4087 and 52894 monitor the quality of alluvial

groundwater. All of the well locations are consistent with 6 CCR 1007-2, which allows alternate

November, 1999 93



[of

RF/RMRS-99-433. UN
1998 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Monitoring Report

placement of monitoring wells downgradient of an interim-status facility where existing physical

obstacles prevent installation of wells at the boundary.

Downgradient groundwater quality monitored at wells 4087, 52894, and B206989 appear to show that
concentrations of fluoride, nitrate/nitrite, sulfate, total dissolved solids, arsenic, cadmium, chromium,
lithium, manganese, selenium, strontium, and zinc exceed upgradient concentrations reported for
upgradient wells 5887, 70193, 70393, and 70493. Elevated concentrations of the non-hazardous metals
sodium, potassium, calcium, and magnesium were also detected in downgradient wells, but have no ALF
groundwater action levels and, consequently, are not discussed. Aluminum, cobalt, molybdenum and
nickel were found to have no statistically significant differences (at the 1-percent significance level) in
upgradient versus downgradient groundwater quality. The uranium isotopes U-233/234, U-235, and U-
238 also appear to have elevated activity-concentrations in downgradient wells compared to upgradient
wells. Tritium was reported as being undetected in all upgradient and downgradient wells. All other ALF
groundwater constituents in downgradient groundwater, including VOCs, were detected at or below

upgradient concentration levels.

Trend plots of analytes in downgradient wells that exceed upgradient concentrations are presented in
Figures 2-60 through 2-75 per the requirements of the IMP. Concentration trends for analytes with three
or more data points tend to be somewhat erratic, but are generally flat or declining, and therefore indicate
that landfill groundwater is not currently migrating eastward at increased concentrations past the East
Landfill dam. Data sets consisting of one or two data points for some analytes are insufficient for
discerning trends and can not be interpreted without additional data. These trends will be reevaluated as

more data becomes available from the groundwater monitoring program.

Assuming that groundwater seepage past the dam is appreciable enough to influence downgradient
groundwater quality, the elevated concentrations of inorganic analytes in downgradient groundwater can
be explained by the evaporative concentration of solutes in pond water in combination with other factors,
such as mineral build-up in soils resulting from seasonal desaturation of valley-fill alluvial materials and
contributions of more highly mineralized groundwater from the underlying LHSU. Analysis of analyte
trends showing concentration increases must account for these conditions in order to differentiate between
natural and anthropogenic influences. On the other hand, groundwater VOC contributions to pond water

will tend to be lost by volatilization before reaching the downgradient wells.

The elevated concentrations of certain inorganic constituents, specifically nitrate/nitrite (NOs/NO,),

lithium (L1), and selenium (Se) in well B206989, probably indicate the presence of a non-landfill
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Figures 2-60 through 2-75
Trend Plots for Selected Analytes-
Downgradient Wells at the Present Sanitary Landfil
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Figures 2-60 through 2-75
Trend Plots for Selected Analytes-
Downgradient Wells at the Present Sanitary Landfill
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Figures 2-60 through 2-75
Trend Plots for Selected Analytes-

Downgradient Wells at the Present Sanitary Landfill
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Figures 2-60 through 2-75
Trend Plots for Selected Analytes-
Downgradient Wells at the Present Sanitary Landfill
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Figures 2-60 through 2-75
Trend Plots for Selected Analytes-
Downgradient Wells at the Present Sanitary Landfill
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Figures 2-60 through 2-75
Trend Plots for Selected Analytes-

Downgradient Wells at the Present Sanitary Landfill
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contaminant source area that influences downgradient groundwater quality below the landfill pond. This
interpretation is supported by the historically low concentration of these analytes in landfill leachate
(SW097; mean values = 0.3 mg/L NO3/NO,, 40 pg/L Li, and 2 pg/L Se¢) and landfill pond water (SW098,
mean values = 0.093 mg/L NOs/NO, and 77 pg/L Li) (DOE, 1996a, Tables 2-2 and 2-3), and elevated
concentration of nitrate/nitrite (mean=143.5 mg/L), lithium (199 pg/L) and selenium (504 pg/L) in
samples from UHSU bedrock well B206889, located to the south and upgradient of well B206989.
Potential source areas for these contaminants are currently unknown. Regardless of the source of these
contaminants, their absence at high concentrations in landfill groundwater and surface water indicate the
presence of potential non-landfill interferences in interpreting downgradient weathered bedrock

groundwater quality.

2.3.3.2 Statistical Evaluation of Groundwater Constituents

Where possible, analytical data for groundwater monitored upgradient of the Present Sanitary Landfill
were compared statistically to analytical data for groundwater sampled from compliance-boundary wells
located downgradient of the Present Sanitary Landfill. Results of these comparisons were used to
evaluate potential contaminant releases from the regulated unit into the uppermost "aquifer”. The
comparisons between upgradient and downgradient groundwater quality were made using the statistical
methodology discussed in the 1995 Annual RCRA Report (DOE, 1996a). Table 2-11 presents a sampling
and detection summary for each groundwater analyte monitored during 1998. Statistical comparisons
were not performed for analytes with less than 50-percent quantifiable results or for analytes with less
than two quantifiable results. For analytes involving nonparametric analysis, the minimum sample
volume requirement of at least two quantifiable results per group was increased to four as recommended
by EPA guidance (EPA, 1992b). A sufficient number of samples were collected from upgradient and
downgradient well groups to perform statistical comparisons for all analytes with more than 50-percent
quantifiable results, except sulfate and total dissolved solids (3 downgradient samples each). Data for
volatile organic compounds (except methylene chloride), nine trace metals (arsenic, beryllium, cobalt,
lead, mercury, silver, thallium, tin, and vanadium), tritinm, and uranium-235 met the sample volume
criteria, but non-detections exceeded 50 percent of the data sets, so it was necessary to exclude these
compounds from statistical evaluation. Conclusions concerning these analytes are described following

the discussion of statistical comparisons.
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‘ Table 2-11 Groundwater Sample and Detection Summary for Present Sanitary Landfill Wells

Water Quality (mg/L)
Fluoride 16 3 19 16 3 19 100.0 100.0 {100.0 0.0
Nitrate/Nitrite 16 6 22 15 5 20 93.8 83.3 90.9 9.1
Sulfate 16 3 19 16 3 19 100.0 100.0 1100.0 0.0
Total Dissolved Solids 16 3 19 16 3 19 100.0 100.0 | 100.0 0.0
Metals (ug/L)
Aluminum 16 6 22 15 5 20 93.8 83.3 90.9 9.1
Antimony 16 6 22 9 3 12 56.3 50.0 54.5 45.5
Arsenic 16 6 22 1 4 5 6.3 66.7 22.7 77.3
Barium 16 6 22 16 6 22 100.0 100.0 }100.0 0.0
Beryllium 16 6 22 2 1 3 12.5 16.7 13.6 86.4
Cadmium 16 6 22 8 5 13 50.0 83.3 59.1 40.9
Calcium 16 6 22 16 6 22 100.0 100.0 |100.0 0.0
Chromium 16 6 22 12 3 15 75.0 50.0 68.2 31.8
Cobalt 16 6 22 2 3 5 12.5 50.0 22.7 77.3
Copper 16 6 22 13 6 19 81.3 100.0 86.4 13.6
Iron 16 6 22 9 3 12 56.3 50.0 54.5 45.5
Lead 16 6 22 6 2 8 375 33.3 364 63.6
Lithium 16 6 22 16 6 22 100.0 100.0 | 100.0 0.0
Magnesiﬂm 16 6 22 16 6 22 100.0 100.0 | 100.0 0.0
Manganese 16 6 22 15 4 19 93.8 66.7 86.4 13.6
‘ Mercury 16 6 22 1 0 1 6.3 0.0 45 955
Molybdenum 16 6 22 8 6 14 50.0 100.0 63.6 36.4
Nickel 16 6 22 12 6 18 75.0 100.0 81.8 18.2
Potassium 16 6 22 16 6 22 100.0 100.0 }100.0 0.0
Selenium 16 6 22 9 6 15 56.3 100.0 68.2 31.8
Silver 16 6 22 4 1 5 25.0 16.7 227 77.3
Sodium 16 6 22 16 6 22 100.0 100.0 [100.0 0.0
Strontium 16 6 22 16 6 22 100.0 100.0 {100.0 0.0
Thallium 16 6 22 6 2 8 375 33.3 36.4 63.6
Tin 16 6 22 1 2 3 6.3 333 13.6 86.4
Vanadium 16 6 22 4 2 6 25.0 33.3 27.3 72.7
Zinc 16 6 22 16 6 22 100.0 100.0 | 100.0 0.0
Radionuclides (pCi/L)
Tritium 16 7 23 4 2 6 25.0 28.6 26.1 73.9
U-233/234 16 5 21 7 5 12 43.8 100.0 57.1 42.9
U-235 16 5 21 3 5 8 18.8 100.0 38.1 61.9
U-238 16 5 21 8 5 13 50.0 100.0 61.9 38.1
Volatile Organic
Compounds (ug/L)
1,1,1,2-Tetrachloroethane 16 9 25 1 0 1 6.3 0.0 4.0 96.0
1,1,1-Trichloroethane 16 9 25 6 0 6 37.5 0.0 24.0 76.0
1,1,2,2-Tetrachioroethane 16 9 25 0 0 0 0.0 0.0 0.0 100.0
1,1,2-Trichloroethane 16 9 25 0 0 0 0.0 0.0 0.0 100.0
1,1-Dichloroethane 16 9 25 0 0 0 0.0 0.0 0.0 100.0
1,1-Dichloroethene 16 9 25 4 0 4 25.0 0.0 16.0 84.0
1,1-Dichloropropene 16 9 25 0 0 0 0.0 0.0 0.0 100.0
1,2,3-Trichlorobenzene 16 9 25 0 0 0 0.0 0.0 0.0 100.0
1,2,3-Trichloropropane 16 9 25 0 0 0 0.0 0.0 0.0 100.0
‘ 1,2,4-Trichlorobenzene 16 9 25 0 0 0 0.0 0.0 0.0 100.0
1,2,4-Trimethylbenzene 16 9 25 0 0 0 0.0 0.0 0.0 100.0
1998 Groundwater Monitoring at the Present Sanitary Landfill RF/RMRS-89-378.UN
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Table 2-11 Groundwater Sample and Detection Summary for Present Sanitary Landfill Wells
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100.0
100.0
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For analytes with greater than 50-percent quantifiable results, parametric ANOVA or nonparametric
Wilcoxon Rank-Sum testing was performed, depending on the percentage of non-detections present in the
sample groups and sample distribution characteristics. All UHSU results (alluvial and bedrock) were
grouped by analyte into upgradient and downgradient data sets to simplify analyses and provide adequate
data to perform statistical testing. This approach is justifiable because all downgradient wells are closely
located in a well-defined, narrow drainage way that defines the sole groundwater flow path leading from
the landfill. The Wilcoxon Rank-Sum test (also known as the Mann-Whitney U test) was selected to
perform nonparametric comparisons in place of the Kruskall-Wallis test based on EPA guidance for

statistical evaluations involving two data groups (EPA, 1992b).

Table 2-12 summarizes the results of statistical comparisons for the upgradient and downgradient data
groups. Statistically significant differences (at the 1-percent significance level) in upgradient versus
downgradient groundwater quality were found for fluoride, cadmium, calcium, lithium, magnesium,
molybdenum, potassium, sodium, strontium, U-233/234, and U-238. With the exception of cadmium and

molybdenum, these results are similar those reported in previous RCRA reports.

Of the nine trace metals reported with non-detections exceeding 50 percent sample set, only arsenic in
well B206989 appears to be elevated above upgradient groundwater concentrations. The elevated
concentration of this analyte in well B206989, as also observed for nitrate/nitrite, lithium, and selenium in
this well, may signify an association with a contaminant source other than the landfill. The elevated
activity-concentration of U-235 in this well compared to the other downgradient wells and upgradient
wells could result from either natural sources present within the bedrock, as it occurs within the
background range for this isotope (DOE, 1993b; Table D-9), or alternatively, from the unknown source

tentatively implicated to explain the elevated concentrations for nitrate/nitrite, lithium, and selenium.

2.4 Discussion of Groundwater Plumes

Plume maps have been updated using 1998 data for composite VOCs (TCE, PCE, vinyl chloride, and
carbon tetrachloride) and dissolved nitrate. Groundwater chemistry data extracted from the SWD were
used in constructing these maps. All monitoring wells with analytical results for the years 1991 through
1998, regardless of the number of samples collected during that time, were used to produce the plume
maps. The maps consist of data compiled from approximately 600 wells. Chemical data were prepared
using the methods specified in Section 2.1. The mean concentration of each analyte for each well from

1991 through 1998 was calculated and plotted. Results below the CRDL were identified in the data as
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- “U” qualified. U-qualified data were given values of one-half the reported CRDL. VOCs have action

levels low enough that the variation in CRDLs from one laboratory to another has caused some averages
from wells with predominantly non-detect results to be above the Tier Il action levels. The CRDLs
exhibited the greatest variation for VOCs as a result of sample dilution reruns. For VOCs only, any
CRDLs above 1 microgram per liter (ug/L) was adjusted to 1 pg/L, and the average was calculated using
one-half the adjusted CRDL.

It should be noted that the term “plume map” is used here to delineate potential areas of elevated
contaminant concentrations derived from each data set. In fact the map for a particular analyte may not
show a plume at all, but rather just the distribution of the historical average chemical data results for that
analyte. Because of assumptions made during data reduction, it is expected that these maps may contain a
limited number of false values above Tier II action levels. Plume boundaries, where drawn, represent the
best estimates of the spatial distribution of concentrations of selected chemicals of concern in

groundwater at RFETS.

2.4.1 Volatile Organic Compound Plumes

Plate 10 presents a composite of four common VOC contaminants — TCE, PCE, vinyl chloride and carbon

tetrachloride — which typify the type of VOC contamination found in general at RFETS. The map shows

the estimated extent of Tier I (200 pg/L for vinyl chloride and 500 pg/L for TCE, PCE, and carbon
tetrachloride) and Tier IT (2 pg/L for vinyl chloride and 5 pg/L for TCE, PCE, and carbon tetrachloride)
groundwater VOC contamination based on data collected during the period 1991 to 1998. Individual
plume maps for these VOC contaminants were presented in the 1997 Annual RFCA Groundwater
Monitoring Report (DOE, 1998), and should be consulted when examining VOC associations with

specific source areas.

The VOC plume map has been updated from those published in previous Annual RFCA Groundwater
Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. The main area of
change involved extending the Tier I and Tier I boundaries from the IA plume westward toward the
unnamed drainage that separates the 700 area from Building 371/374. This change incorporates new
VOC data collected from well points installed in 1998 for the northern 1A plume evaluation (see Section
4.1). The Mound plume boundary was also broadened slightly to account for above Tier I action level
TCE concentrations detected at well 00897, Refinements to the Tier Il boundary were made at the
leading edge of the 903 Pad/Ryan’s Pit plume near the South Interceptor Ditch at Pond C-1, and along the
cast boundary of the A plume near Building 779. The 903 Pad/Ryan’s Pit plume boundary was redrawn
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to more accurately reflect the extent of VOCs found in the 1998 well points, which resulted in a retraction

away from wells 2987 and 23196. The absence of VOCs above Tier 1I action levels in the Building 779
D&D wells (02297, 02397, and 02497) caused the 1A Tier Il boundary to be redrawn west of Building
779, thus resulting in a minor retraction of the boundary at Buildings 707 and 777. A small area of Tier 11

VOC contamination centered around D&D monitoring well 10498, located downgradient of Building

123, was also added to the map.

In 1999, an evaluation of the eastern boundary of the IA VOC plume was implemented to better define
the extent of VOC contamination east of the Eighth Street utility bcorridor and upgradient of Buildings
707, 776, 778, 883, and 865. The proposed field investigation involves the installation and sampling of
15 small diameter wells along Eighth Street between Building 881 on the south and Building 771 on the
north. Details of this investigation are specified in RMRS (1999¢). The results of this investigation will
be reported in the 1999 Annual RFCA Groundwater Monitoring Report .

2.4.2 Nitrate Plumes

The nitrate plume map has been updated slightly from those published in previous Annual RFCA
Groundwater Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. Plate 7
shows the estimated extent of Tier I (1,000 mg/L) and Tier 11 (10 mg/L) groundwater nitrate
contamination based on data collected from the period 1991 to 1998. For reference, the background

concentration for nitrate in groundwater at RFETS is 4.7 mg/L (DOE, 1993b).

Plate 7 illustrates one major nitrate plume (Solar Ponds Plume) and four minor areas. The Solar Ponds
Plume (SPP) is located in the northeast portion of the PA and extends from the Solar Evaporation Ponds
to the northeast towards North Walnut Creek. All values of nitrate over the Tier I action level are
associated with this plume. The four minor areas of nitrate concentration above the Tier II action level
are associated with the Old Landfill, the 903 and 904 Pads, THSS 119.1 on the 881 Hillside, and an area
west of the Present Sanitary Landfill Pond. Scattered occurrences of nitrate above the Tier Il action level
are also found at well 08391 (444 mg/L), located approximately 1200 feet east of the IA; wells 3386 (12.4
mg/L) and 22896 (12.1. mg/L) in the PA; well 00597 (10.1 mg/L) at the south perimeter of the Present
Sanitary Landfill; and well 10498 (26 mg/L) downgradient of Building 123. The only significant change
in nitrate plume extent involved extending the SPP Tier II boundary westward to encompass Buildings
774 and 779, and the eastern one third of Building 777. This change is based on consideration of
historical nitrate data from building foundation drains available for PA Buildings 707, 771, 774, and 779
(DOE, 1994a) and new nitrate data from North [A well points installed in 1998 (see Section 4.1).
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3.0 GROUNDWATER FLOW CONDITIONS DURING 1998

Groundwater level data collected throughout calendar year 1998 were reviewed to determine whether
significant changes in groundwater flow direction, flow velocity, and quantity have occurred to the upper
hydrostratigraphic unit since 1996 and previous years. This review included evaluations of semiannual
potentiometric surface maps, quarterly well pair linear flow velocity calculations, selected well
hydrographs, and water level change maps. Comparison of the 1998 data to historical potentiometric

surface maps (from previous annual reports) and historical water level trends presented in the individual

- well hydrographs provide a framework for identifying the type of potentiometric configurations, seasonal

fluctuations, and long-term trends typically associated with pre-1996 plant operations. The 1996 data set,
because it is the last year before the commencement of D&D activities (and to some extent the 1997 data
set) comprises a sitewide baseline that will be used for assessing annual changes to the groundwater flow

system during the remaining years of plant closure and post-closure monitoring.

3.1 Potentiometric Surface Maps

Groundwater potentiometric surface maps (Plates 2 and 3) were constructed from water level data
collected during the second and fourth quarters (April and October data, respectively) of 1998 for the
unconsolidated surficial deposits and selected weathered bedrock components comprising the UHSU.
These maps provide information on groundwater flow direction and saturated extent that were used in the
selection of well pairs for velocity calculations and definition of plume extent and movement. For map
construction, it was assumed that well construction details, borehole logs, and water level measurements
were accurate. When the measured depth to water was below the bottom of the well screen, the well was

assumed to be dry.

Maps constructed for the UHSU were based entirely on data from fully penetrating wells screened in
surficial deposits thought to be representative of regional shallow groundwater flow conditions. For this
reason, wells completed in perched alluvial groundwater zones, such as wells 50494 and 51594 located
west of the IA, were not utilized for construction of potentiometric contours. Information on unsaturated
areas from previous UHSU potentiometric maps, particularly the 1993 maps, were used in the
construction of the second and fourth quarter 1998 maps. Areas previously labeled as unsaturated were
evaluated and reconfigured utilizing new monitoring well coverage (i.e., IA IM/IRA, D&D wells) and
recent water level data. Shaded, non-contoured areas of the maps indicate arcas where well coverage is
absent. Conceptual potentiometric contour refinements were made in areas with new well coverage such

as the north Industrial Area.
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The configuration of the potentiometric surfaces for the second and fourth quarters of 1998 generally

matches the configurations depicted for earlier quarterly maps.

Plant operations have potentially impacted groundwater flow patterns in areas where potentiometric
contours appear to deviate from topographic or bedrock topographic configurations. For example, a
prominent and persistent eastward distention of the 6,000 through 6,040-foot contour lines in the west IA
deviates significantly from the pattern expected from the surface topography. The coincidence of this
broad, mound-like feature within an industrialized portion of the Site suggests that a greater amount of
recharge is occurring in this area compared to background areas with similar geologic conditions situated
to the north and south. Likewise, the convergence and/or redirection of potentiometric contour lines in
the immediate vicinity of Buildings 371, 771, 881, 865, and 997 suggest that foundation drains have
localized impacts on groundwater flow in the IA. Unsaturated areas shown on the 1998 maps were
generally less extensive than drawn on the 1996 maps (which were a reflection of the 1993 maps). This
condition probably reflects the effects of higher than average precipitation at the site for the period of

1995 through 1997, in addition to improved sitewide well coverage.

3.2  Average Linear Flow Velocities

Average linear groundwater flow velocities (seepage velocities) were calculated for 24 UHSU well pairs
within the Industrial Area and perimeter based on flow direction considerations derived from the 1998

potentiometric surface maps. The Darcy equation was used to calculate the seepage velocity (v):
K
v=—(dh/dl)
n

where:
K = hydraulic conductivity
n = effective porosity
dh/dl = hydraulic gradient

Values for hydraulic gradient were calculated from quarterly water level measurements made between
well pairs located along a groundwater pathway. These well pairs were chosen on the basis of their
perpendicular orientation to potentiometric contour lines. The data is not complete based on the fact that
both well pairs are not necessarily visited for a water level measurement each quarter. Hydraulic

conductivity values used for velocity calculations were derived from the geometric mean values reported
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for the Rocky Flats Alluvium, colluvium, and Arapahoe Formation sandstone (No. 1 Sandstone)
presented in Table G-2 of EG&G (1995b). For each well pair, the K value chosen for the calculation was
based on the predominant lithologic unit comprising the flow path between the wells. In the absence of
measured values of n, a conservative value of 0.1 is assumed based on its predominant usage in prévious

velocity calculations performed at RFETS.

Groundwater flow velocities can be used as estimates of the migration rates for conservative (i.¢., non-
reactive) groundwater chemical constituents. Because they do not consider the effects of dispersion and
chemical reactions (e.g., volatilization, biodegradation, dissolution/precipitation, and adsorption) on the
concentrations of constituents along a flow path, seepage velocities approximate only the unattenuated
rate of migration for dissolved constituents in groundwater. Attenuated, volatile, biodegradable, or redox-
sensitive species will likely exhibit migration rates slower than the average linear velocity of groundwater

flow.

Large-scale changes in the hydraulic gradient distribution caused by reconfiguration of the gioundwater
recharge and discharge regime during plant closure have the potential to impact groundwater flow
directions and velocities which, in turn, can affect plume concentration, configuration, and movement.
Although actual linear flow velocities at any given well pair are not known with certainty, changes in
relative flow velocities, combined with potentiometric mapping and hydrograph analysis, can provide
some insight into plume dynamics and movement. Linear flow velocity calculations are sensitive only to
the magnitude and direction of the hydraulic gradient, assuming that the assigned values of K and n are
kept constant. Temporal analysis of relative linear flow velocities using 1996 as a baseline year is
expected to compliment the other available assessment tools (potentiometric and water level change
maps, hydrographs, plume extent maps, etc.) in monitoring contaminant plume migration toward surface

water.

As shown in Table 3-1, the calculated 1998 groundwater flow velocities ranged from approximately 16
feet per year (ft/yr) between well pair P419689/P416889, located in the IA, to approximately 475 ft/yr.
between well pair 3687/60295, located in the East Trenches area. Linear flow velocities below 80 ft/yr
tend to be associated with the Rocky Flats Alluvium while linear flow velocities above 80 ft/yr tend to be
associated with colluvial (hillslope) material. The high value of 477 ft/yr, calculated for the fourth quarter
of 1998 for well pair 3687/60296, is associated with the Arapahoe No. 1 Sandstone, which discharges to
the hillside above South Walnut Creek.
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“U” qualified. U-qualified data were given values of one-half the reported CRDL. VOCs have action
levels low enough that the variation in CRDLs from one laboratory to another has caused some averages
from wells with predominantly non-detect results to be above the Tier II action levels. The CRDLs
exhibited the greatest variation for VOCs as a result of sample dilution reruns. For VOCs only, any
CRDLs above 1 microgram per litgr (ug/L) was adjusted to 1 pg/L, and the average was calculated using
one-half the adjusted CRDL.

It should be noted that the term “plume map” is used here to delineate potential areas of elevated
contaminant concentrations derived from each data set. In fact the map for a particular analyte may not
show a plume at all, but rather just the distribution of the historical average chemical data results for that
analyte. Because of assumptions made during data reduction, it is expected that these maps may contain a
limited number of false values above Tier II action levels. Plume boundaries, where drawn, represent the
best estimates of the spatial distribution of concentrations of selected chemicals of concern in

groundwater at RFETS.

- 2.4.1 Volatile Organic Compound Plumes

Piate 10 presents a composite of four common VOC contaminants — TCE, PCE, vinyl chloride and carbon
tetrachloride — which typify the type of VOC contamination found in general at RFETS. The map shows
the estimated extent of Tier I (200 pg/L for vinyl chloride and 500 pg/L for TCE, PCE, and carbon
tetrachloride) and Tier II (2 pg/L for vinyl chloride and 5 pg/L for TCE, PCE, and carbon tetrachloride)
groundwater VOC contamination based on data collected during the period 1991 to 1998. Individual
plume maps for these VOC contaminants were presented in the 1997 Annual RFCA Groundwater
Monitoring Report (DOE, 1998), and should be consulted when examining VOC associations with

specific source areas.

The VOC plume map has been updated from those published in previous Annual RFCA Groundwater
Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. The main area of
change involved extending the Tier I and Tier I1 boundaries from the IA plume westward toward the
unnamed drainage that separates the 700 area from Building 371/374. This change incorporates new
VOC data collected from well points installed in 1998 for the northern 1A plume evaluation (see Section
4.1). The Mound plume boundary was also broadened slightly to account for above Tier I action level
TCE concentrations detected at well 00897. Refinements to the Tier II boundary were made at the
leading edge of the 903 Pad/Ryan’s Pit plume near the South Interceptor Ditch at Pond C-1, and along the
east boundary of the 1A plume near Building 779. The 903 Pad/Ryan’s Pit plume boundary was redrawn
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to more accurately reflect the extent of VOCs found in the 1998 well points, which resulted in a retraction
away from wells 2987 and 23196. The absence of VOCs above Tier II action levels in the Building 779
D&D wells (02297, 02397, and 02497) caused the IA Tier II boundary to be redrawn west of Building
779, thus resulting in a minor retraction of the boundary at Buildings 707 and 777. A small area of Tier I
VOC contamination centered around D&D monitoring well 10498, located downgradient of Building

123, was also added to the map.

In 1999, an evaluation of the eastern boundary of the IA VOC plume was implemented to better define
the extent of VOC contamination east of the Eighth Street utility corridor and upgradient of Buildings
707, 776, 778, 883, and 865. The proposed field investigation involves the installation and sampling of
15 small diameter wells along Eighth Street between Building 881 on the south and Building 771 on the
north. Details of this investigation are specified in RMRS (1999c). The results of this investigation will
be reported in the 1999 Annual RFCA Groundwater Monitoring Report .

2.4.2 Nitrate Plumes

The nitrate plume map has been updated slightly from those published in previous Annual RFCA
Groundwater Monitoring Reports (RMRS, 1997b and 1998) to reflect new data collected in 1998. Plate 7
shows the estimated extent of Tier I (1,000 mg/L) and Tier I (10 mg/L) groundwater nitrate
contamination based on data collected from the period 1991 to 1998. For reference, the background

concentration for nitrate in groundwater at RFETS is 4.7 mg/L (DOE, 1993b).

Plate 7 illustrates one major nitrate plume (Solar Ponds Plume) and four minor areas. The Solar Ponds
Plume (SPP) is located in the northeast portion of the PA and extends from the Solar Evaporation Ponds
to the northeast towards North Walnut Creek. All values of nitrate over the Tier I action level are
associated with this plume. The four minor areas of nitrate concentration above the Tier II action level
are associated with the Old Landfill, the 903 and 904 Pads, IHSS 119.1 on the 881 Hillside, and an area
west of the Present Sanitary Landfill Pond. Scattered occurrences of nitrate above the Tier II action level
are also found at well 08391 (444 mg/L), located approximately 1200 feet east of the IA; wells 3386 (12.4
mg/L) and 22896 (12.1. mg/L) in the PA; well 00597 (10.1 mg/L) at the south perimeter of the Present
Sanitary Landfill; and well 10498 (26 mg/L) downgradient of Building 123. The only significant change
in nitrate plume extent involved extending the SPP Tier II boundary westward to encompass Buildings
774 and 779, and the eastern one third of Building 777. This change is based on consideration of
historical nitrate data from building foundation drains available for PA Buildings 707, 771, 774, and 779
(DOE, 1994a) and new nitrate data from North 1A well points installed in 1998 (see Section 4.1).
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3.0 GROUNDWATER FLOW CONDITIONS DURING 1998

Groundwater level data collected throughout calendar year 1998 were reviewed to determine whether
significant changes in groundwater flow direction, flow velocity, and quantity have occurred to the upper
hydrostratigraphic unit since 1996 and previous years. This review included evaluations of semiannual
potentiometric surface maps, quarterly well pair linear flow velocity calculations, selected well
hydrographs, and water level change maps. Comparison of the 1998 data to historical potentiometric
surface maps (from previous annual reports) and historical water level trends presented in the individual
well hydrographs provide a framework for identifying the type of potentiometric configurations, seasonal
fluctuations, and long-term trends typically associated with pre-1996 plant operations. The 1996 data set,
because it is the last year before the commencement of D&D activities (and to some extent the 1997 data
set) comprises a sitewide baseline that will be used for assessing annual changes to the groundwater flow

system during the remaining years of plant closure and post-closure monitoring.

3.1 Potentiometric Surface Maps

Groundwater potentiometric surface maps (Plates 2 and 3) were constructed from water level data
collected during the second and fourth quarters (April and October data, respectively) of 1998 for the
unconsolidated surficial deposits and selected weathered bedrock components comprising the UHSU.
These maps provide information on groundwater flow direction and saturated extent that were used in the
selection of well pairs for velocity calculations and definition of plume extent and movement. For map
construction, it was assumed that well construction details, borehole logs, and water level measurements
were accurate. When the measured depth to water was below the bottom of the well screen, the well was

assumed to be dry.

Maps constructed for the UHSU were based entirely on data from fully penetrating wells screened in
surficial deposits thought to be representative of regional shallow groundwater flow conditions. For this
reason, wells completed in perched alluvial groundwater zones, such as wells 50494 and 51594 located
west of the IA, were not utilized for construction of potentiometric contours. Information on unsaturated
areas from previous UHSU potentiometric maps, particularly the 1993 maps, were used in the
construction of the second and fourth quarter 1998 maps. Areas previously labeled as unsaturated were
evaluated and reconfigured utilizing new monitoring well coverage (i.e., IA IM/IRA, D&D wells) and
recent water level data. Shaded, non-contoured areas of the maps indicate areas where well coverage is
absent. Conceptual potentiometric contour refinements were made in areas with new well coverage such

as the north Industrial Area.
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The configuration of the potentiometric surfaces for the second and fourth quarters of 1998 generally

matches the configurations depicted for earlier quarterly maps.

Plant operations have potentially impacted groundwater flow patterns in areas where potentiometric
contours appear to deviate from topographic or bedrock topographic configurations. For example, a
prominent and persistent eastward distention of the 6,000 through 6,040-foot contour lines in the west IA
deviates significantly from the pattern expected from the surface topography. The coincidence of this
broad, mound-like feature within an industrialized portion of the Site suggests that a greater amount of
recharge is occurring in this area compared to background areas with similar geologic conditions situated
to the north and south. Likewise, the convergence and/or redirection of potentiometric contour lines in
the immediate vicinity of Buildings 371, 771, 881, 865, and 997 suggest that foundation drains have
localized impacts on groundwater flow in the IA. Unsaturated areas shown on the 1998 maps were
generally less extensive than drawn on the 1996 maps (which were a reflection of the 1993 maps). This
condition probably reflects the effects of higher than average precipitation at the site for the period of

1995 through 1997, in addition to improved sitewide well coverage.

3.2 Average Linear Flow Velocities

Average linear groundwater flow velocities (seepage velocities) were calculated for 24 UHSU well pairs
within the Industrial Area and perimeter based on flow direction considerations derived from the 1998

potentiometric surface maps. The Darcy equation was used to calculate the seepage velocity (v):

K
v=—(dh/dl)
n

where:
K = hydraulic conductivity
n =.effective porosity
dh/dl = hydraulic gradient

Values for hydraulic gradient were calculated from quarterly water level measurements made between
well pairs located along a groundwater pathway. These well pairs were chosen on the basis of their
perpendicular orientation to potentiometric contour lines. The data is not complete based on the fact that
both well pairs are not necessarily visited for a water level measurement each quarter. Hydraulic

conductivity values used for velocity calculations were derived from the geometric mean values reported
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for the Rocky Flats Alluvium, colluvium, and Arapahoe Formation sandstone (No. 1 Sandstone)
presented in Table G-2 of EG&G (1995b). For each well pair, the K value chosen for the calculation was
based on the predominant lithologic unit comprising the flow path between the wells. In the absence of
measured values of n, a conservative value of 0.1 is assumed based on its predominant usage in previous

velocity calculations performed at RFETS.

Groundwater flow velocities can be used as estimates of the migration rates for conservative (i.e., non-
reactive) groundwater chemical constituents. Because they do not consider the effects of dispersion and
chemical reactions (e.g., volatilization, biodegradation, dissolution/precipitation, and adsorption) on the
concentrations of constituents along a flow path, seepage velocities approximate only the unattenuated
rate of migration for dissolved constituents in groundwater. Attenuated, volatile, biodegradable, or redox-
sensitive species will likely exhibit migration rates slower than the average linear velocity of groundwater

flow.

Large-scale changes in the hydraulic gradient distribution caused by reconfiguration of the groundwater
recharge and discharge regime during plant closure have the potential to impact groundwater flow
directions and velocities which, in turn, can affect plume concentration, configuration, and movement.
Although actual linear flow velocities at any given well pair are not known with certainty, changes in
relative flow velocities, combined with potentiometric mapping and hydrograph analysis, can provide
some insight into plume dynamics and movement. Linear flow velocity calculations are sensitive only to
the magnitude and direction of the hydraulic gradient, assuming that the assigned values of K and n are
kept constant. Temporal analysis of relative linear flow velocities using 1996 as a baseline year is
expected to compliment the other available assessment tools (potentiometric and water level change
maps, hydrographs, plume extent maps, etc.) in monitoring contaminant plume migration toward surface

water.

As shown in Table 3-1, the calculated 1998 groundwater flow velocities ranged from approximately 16
feet per year (ft/yr) between well pair P419689/P416889, located in the A, to approximately 475 ft/yr.
between well pair 3687/60295, located in the East Trenches area. Linear flow velocities below 80 ft/yr
tend to be associated with the Rocky Flats Alluvium while linear flow velocities above 80 ft/yr tend to be
associated with colluvial (hillslope) material. The high value of 477 ft/yr, calculated for the fourth quarter
of 1998 for well pair 3687/60296, is associated with the Arapahoe No. 1 Sandstone, which discharges to
the hillside above South Walnut Creek.
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Table 3-1
Average Linear Flow Velocities for the Industrial Area and Vicinity

1998 - dh/di K v v

. WELL PAIR AREA QTR (gradient) (cm/sec) ne (cm/sec)  (ftlyr)
P416289 / P416689  Industrial Area 1 0.0322 2.10E-04 0.1 6.76E-05 69.96
2 00175 2.10E-04 0.1 3.68E-05 38.02

3 N/D 2.10E-04 0.1 N/D N/D

4 0.0287 2.10E-04 0.1 6.03E-05 62.36

P419689 / P416889  Industrial Area 1 0.0077 2.10E-04 0.1 1.62E-05 16.73
2  0.0124 2.10E-04 0.1 2.60E-05 26.94

3 0.0072 2.10E-04 0.1 1.51E-05 15.64

4 N/D 2.10E-04 0.1 N/D N/D

P314289 / 10492 Industrial Area 1 0.1261  9.33E-05 0.1 1.18E-04 12173
/ S. Buffer 2 N/D 9.33E-05 0.1 N/D N/D

3 N/D 9.33E-05 0.1 N/D N/D

4 N/D 9.33E-05 0.1 N/D N/D

5387/ 00797 881 Hillside 1 0.1920  9.33E-05 0.1 1.79E-04 185.34
2 02121 9.33E-05 0.1 1.98E-04 204.75

3 01610 9.33E-05 .0.1 1.50E-04 155.42

4 01709 9.33E-05 0.1 1.59E-04 164.97

3479176386 SE Buffer 1 0.1915 9.33E-05 0.1 1.79E-04 184.86
2 01950 9.33E-05 0.1 1.82E-04 188.24

3 N/D 9.33E-05 0.1 N/D N/D

4 01868 9.33E-05 0.1 1.74E-04 180.32

07291/ 07391 903 Pad 1 0.0758  2.10E-04 0.1 1.59E-04 164.69
2 00836 2.10E-04 0.1 1.76E-04 181.64

3 0.0780 2.10E-04 0.1 1.64E-04 169.48

. 4 N/D 2.10E-04 0.1 N/D N/D
00491 /23196 SE Buffer 1 0.1623  9.33E-05 0.1 151E-04 156.67
2 01686 9.33E-05 0.1 1.57E-04 162.75

3 01662 9.33E-05 0.1 1.55E-04 160.44

4 N/D 9.33E-05 0.1 N/D N/D

04591 /10194 903 Pad 1 0.0124  2.10E-04 0.1 2.60E-05 26.94
2  0.0117 2.10E-04 0.1 2.46E-05 25.42

3 0.0088  2.10E-04 0.1 1.85E-05  19.12

4 N/D 2.10E-04 0.1 N/D N/D

05291 / 05091 East Trenches 1 0.0221  2.10E-04 0.1 4.64E-05  48.02
2 00219 2.10E-04 0.1 460E-05 47.58

3 N/D 2.10E-04 0.1 N/D N/D

4 N/D 2.10E-04 0.1 N/D N/D

05391/06091 East Trenches 1 0.0175 2.10E-04 0.1 3.68E-05  38.02
’ 2 0.0180 2.10E-04 0.1 3.78E-05  39.11

3 0.0161  2.10E-04 0.1 3.38E-05 34.98

4 00142 2.10E-04 0.1 2.98E-05 30.85

4286/20291 East Trenches 1 0.0146  2.10E-04 0.1 3.07E-05 31.72
2  0.0246 2.10E-04 0.1 517E-05 53.45

3 0.0219 2.10E-04 0.1 460E-05 47.58

4 00206 2.10E-04 0.1 433E-05 44.76

3687/60295 East Trenches 1 0.0573  7.88E-04 0.1 452E-04 467.17
2 00527 7.88E-04 0.1 415E-04 429.66

3 N/D 7.88E-04 0.1 N/D N/D

‘ 4 0.0585 7.88E-04 0.1 461E-04 476.95
00191/13491 903 Pad 1 0.0172 2.10E-04 0.1 3.61E-05  37.37
2  0.0312 2.10E-04 0.1 6.55E-05 67.79

3 N/D 2.10E-04 0.1 N/D N/D
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Average Linear Flow Velocities for the Industrial Area and Vicinity

Table 3-1

1998 dh/di K v v
WELLPAIR  AREA QTR (gradient) (cm/sec) '*  (cmisec) (ftiyr)
4 N/D 2.10E-04 0.1 N/D N/D
1987/3586 Mound 1 0.1003  9.33E-05 0.1 9.36E-05 96.82
2 0.1030 9.33E-05 0.1 9.61E-05 99.43
3 0.0981 9.33E-05 0.1 9.15E-05 94.70
4 N/D 9.33E-05 0.1 N/D N/D
05293 /3386 Solar Pond 1 0.0546 2.10E-04 0.1 1.15E-04 118.63
2 0.0527 2.10E-04 0.1 1.11E-04 114.50
3 0.0521 2.10E-04 0.1 1.09E-04 113.20
4 N/D 2.10E-04 0.1 N/D N/D
P218389/B208089 Solar Pond 1 0.0509 9.33E-05 0.1 4.75E-05 49.14
2 0.0532  9.33E-05 0.1 4 96E-05 51.36
3 0.0528 9.33E-05 0.1 4.93E-05 50.97
4 0.0507 9.33E-05 0.1 4.73E-05 48.94
2286 /45793 Solar Pond 1 Dry 2.10E-04 0.1 N/D N/D
2 0.0622 2.10E-04 0.1 1.31E-04 135.15
3 N/D 2.10E-04 0.1 N/D N/D
4 Dry 2.10E-04 0.1 N/D N/D
1986 /77492 Solar Pond 1 0.0281 9.33E-05 0.1 2.44E-05 25.19
2 0.0250 9.33E-05 0.1 2.33E-05 24.13
3 0.0203 9.33E-05 0.1 1.89E-05 19.60
4 N/D 9.33E-05 0.1 N/D N/D
P114689 /22896 Industrial Area / PA 1 0.0267 2.10E-04 0.1 5.61E-05 58.01
2 0.0225 2.10E-04 0.1 4.73E-05 48.89
3 N/D 2.10E-04 0.1 N/D N/D
4 0.0221 2.10E-04 0.1 4.64E-05 48.02
P215789/P218089 Industrial Area/PA 1 0.0166 2.10E-04 0.1 3.49E-05 36.07
2 0.0080 2.10E-04 0.1 1.68E-05 17.38
3 N/D 2.10E-04 0.1 ND N/D
4 0.0073 2.10E-04 0.1 1.53E-05 15.86
P313489/6186 Industrial Area 1 0.0119  2.10E-04 0.1 2.50E-05 25.86
2 0.0152 2.10E-04 0.1 3.19E-05 33.03
3 N/D 2.10E-04 0.1 N/D N/D
4 0.0098 2.10E-04 0.1 2.06E-05 21.29
4486 / P115689 industrial Area 1 0.0196 2.10E-04 0.1 4.12E-05 42.59
2 0.0162 2.10E-04 0.1 3.40E-05 35.20
3 N/D 2.10E-04 0.1 N/D N/D
4 0.0227 2.10E-04 0.1 4.77E-05 49.32
P415989/P115489 Industrial Area 1 0.0209 2.10E-04 0.1 4.39E-05 45.41
2 0.0212 2.10E-04 0.1 4.45E-05 46.06
3 N/D 2.10E-04 0.1 N/D N/D
4 N/D 2.10E-04 0.1 N/D N/D
P115089/P119389 Industrial Area/PA 1 0.0229 2.10E-04 0.1 4.81E-05 49.76
2 0.0292 2.10E-04 0.1 6.13E-05 63.44
3 0.0225 2.10E-04 0.1 4.73E-05 48.89
4 N/D 2.10E-04 0.1 N/D N/D

Notes: DRY indicates at least one well was dry for the quarter.

N/D indicates no data for at least one well for the guarter.
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Linear flow velocity data from 1998 are more comprehensive than for 1996. Generally, water level data
were collected for more quarters per well pair in 1998 compared to 1996. Water level data for many well
pairs were reported for only one quarter in 1996. For well pairs that had more than one quarter of data for
both years, the velocities generally are less consistent (more variant) from quarter to quarter during 1998
than for 1996. This is a response to moderate change in hydraulic gradient from quarter to quarter, and

may be a result of the amount and distribution of precipitation with respect to time.

In general, velocities for the 24 well pairs vary by less than 25 percent when comparing the same quarters
from 1996 to 1998. The following exceptions occurred. At well pair 04591/10194, in the vicinity of the
903 Pad, first quarter data reveals an increase in linear flow velocity of approximately 60 percent from
1996 to 1998, and third quarter data reveals a decrease in flow velocity of approximately 50 percent from
1996 10 1998. The other exceptions were for well pairs where only one quarter of water level data was
available for 1996, or only one quarter out of four showed a variance of greater than 25 percent. One
such exception is well pair P314289/10492, located in the IA/south Buffer Zone, where the first quarter in
1998 showed an approximately 50 percent increase in linear flow velocity from the same quarter in 1996.
Another is at well pair P419689/P416889, located in the IA, where the second quarter m 1998 showed an
approximately 60 percent increase in flow velocity from the same quarter in 1996. This indicates that the
hydraulic gradient was steeper between these well pairs, for these quarters, in 1998, At well pair
P416289/P416689, located in the IA, second quarter 1998 data revealed an approximately 50 percent
decrease in flow velocity from 1996 to 1998. At well pair P313489/6186, located in the IA, fourth
quarter data revealed an approximately 50 percent decrease in flow velocity from 1996 to 1998. This
indicates that the hydraulic gradient was steeper between these well pairs, for these guarters, in 1996. Itis
interesting to note that the major changes in flow velocities between 1996 and 1998 took place in well
pairs located in the TA. This might be expected in the IA versus the Buffer Zone because of all the
artificial features associated with the IA (building drains, pavement, piping and utility corridors, etc.).
Velocities reported for 1996 through 1998 are generally higher than velocities reported in pre-1996
annual RCRA groundwater monitoring reports largely because sitewide mean K values are now employed

in the calculations instead of individual operable unit mean K values.

3.3  Well Hydrographs and Water Level Change Maps

Hydrograph plots for many RFCA water quality wells have been constructed in order to observe changes
in water table elevation with time (see Appendix B). In addition to illustrating seasonal fluctuations in
water table elevation, hydrographs are useful for evaluating long-term trends that might result from either

artificial activities (plant closure) or natural causes (climatic change). For example, a comparison of IA
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well hydrograph data to background well hydrograph data may suggest whether any of the observed
trends are natural or artificially induced. Assuming that groundwater levels within the Site have reached
a quasi-steady state condition since the cessation of production operations in 1989, it is conceivable that
plant closure activities could cause local water levels to rise or fall, depending on the closure action.
These changes in water level elevations will be evaluated in future years using annual and life-of-closure

water level change maps that will be based on water levels collected during the 1996 baseline year.

Water levels measured during 1998 were, for the most part, observed to fluctuate within normal limits.
Some wells, including recharge-sensitive wells such as 20691, 4286, 12191, B200889, and P416639
exhibited very high recharge peaks during the spring season. In general, for all site wells, water levels
were higher during the first half of 1998 compared to the second half. Only B-series wells generally
displayed higher water levels during the second half of 1998. Overall, water levels were higher i 1998
than in 1996. Water levels in 1996, which were higher than average, were thought to reflect the residual
influence of the record high water levels experienced in 1995, Sitewide precipitation data from 1993
through 1998 indicates that precipitation was very high in 1995, 1996 produced near average
precipitation, 1997 produced well above average precipitation, and 1998 produced near average
precipitation. The continuing higher than average water levels may be based as much on recurrent high
precipitation (ample recharge) since 1995 as they are on the residual effects of 1995 and 1997. The
sitewide scale of this trend, also observed i background wells, implies that climate 1s the dominant cause

of water level changes during 1998.

Water level change maps (Plates 8 and 9) utilizing 1998 and 1996 water level data, are presented here for
the second time in an annual report. These data are used to compare the 1998 water levels for the second
(April data) and fourth (October data) quarters to the second and fourth quarter water level data for 1996.
Data plotted on these water level change maps indicate areas of the site where changes in saturated
thickness, either positive or negative, have taken place between the two given years. It is important to
keep in mind that wells that have been purged for sample collection, and have a slow recharge rate, can be
responsible for a large discrepancy in water level change from 1996 to the year of the current RFCA
Annual Report.

The water level change map for the spring quarters of 1996 and 1998 (Plate 8) generally shows that
almost all changes are positive compared to 1996; there was generally a higher spring water table in 1998
than in 1996. The central and southern PA has virtually no change from 1996 to 1998. Along the eastern
PA boundary there is a steep positive gradient of up to 6 feet, then a grading back eastward to almost no

change by Pond B-2. The northern edge of the PA shows a zero to one-foot positive change from 1996 to
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1998. The west central and western IA generally shows positive water level change (1-3 feet) out to the
west spray fields where there is virtually no change. Water level changes become positive again to the
west, up to 3-4 feet, just east of Highway 93 and west of the gravel pits. The northwest portion of the IA
exhibits positive water level changes of up to 5 feet, and a localized area just west of building 371 (well
P114589) exhibits positive changes of up to 30-plus feet. Another area of high positive water level
changes 1s immediately south and southwest of Building 440, with changes up to 13 feet from 1996 to
1998. Upgradient of the Present Landfill is an area of 6-8 feet of positive change in the water table
elevation from 1996 to 1998. Approximately 2500 feet south of the Trailer 130 complex is an area of 2 to
5-plus feet of positive water level change. Additional bullseyes identified on Plate 8 indicate areas of

significant change, from 1996 to 1998, in water levels for the spring quarter.

The water level change map for the fall quarters of 1996 and 1998 (Plate 9) shows that, in general, there is
a greater mix of positive and negative water table elevation change throughout the site than presented on
the spring quarters of 1996 to 1998 water level change map. West of the A there are only positive
changes, and east of the 1A there are almost all positive changes except for a few isolated areas of
negative change. The west central IA shows an area of 1-3 feet of negative water level change from 1996
to 1998. This area of negative change is surrounded by zero change areas from the western PA trending
southwest through the southwest portion of the IA, and from the western SEP trending south/southwest
through the central IA. The eastern third of the IA exhibits an area, from west to east, of 2 feet of positive
to 2 feet of negative water level change from 1996 to 1998. An area to note is in the vicinity of Cactus
and First Street where there is a steep gradient, from west to east, from a positive 2 feet to a negative 3
feet of water level change within a linear distance of approximately 250 feet. In addition, immediately
west of Building 371 is an isolated area (well P114589) of approximately 30 feet of positive water level
change from 1996 to 1998. Approximately 2500 feet south of the Trailer 130 complex is an area of 2 to
almost 6 feet of positive water level change. Additional bullseyes on Plate 9 indicate areas of significant

change, from 1996 to 1998, in water levels for the fall quarter.

In summary, groundwater flow conditions for 1998 appear to generally resemble flow conditions
described for recent years with slight variations depending on the location within RFETS. This situation
is not unexpected because only minor plant closure activities have been undertaken to date. The
variations in water levels and linear flow velocities are probably in response to the timing of water level
measurements with respect to natural recharge (precipitation), artificial recharge, or artificial dewatering
events. Artificial events may involve recharge or dewatering related to construction, demolition, onsite

industrial processes, monitoring well sampling, and building perimeter drain activity or inactivity. The
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‘ 1996 data set (and to some extent the 1997 data set) will represent the baseline for future annual

evaluations.
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4.0 GROUNDWATER EVALUATIONS

4.1 Industrial Area Plume
4.1.1 Introduction

The major groundwater evaluation activity in 1998 consisted of an evaluation of four wells in the
groundwater program that had VOC concentrations that were above action levels. Wells 22696, 22796
and 22896 were installed in 1996. They were part of the original Industrial Area IM/IRA monitoring
program to serve as monitoring points for possible groundwater contamination emanating from the 700
building complex during D&D activities. At the time of installation, it was not anticipated that these
wells would discover pre-existing groundwater contamination. Well P219189 was mstalled in 1989 and

is located north of Building 774 near Bowman’s Pond. Figure 4-1 shows the location of these wells.

Data from well 22696 has shown Trichloroethene (TCE) concentrations above Tier Il action levels.

Table 4-1 shows the latest 1998 data for this well. The TCE concentration, although low, 1s in an area that
has not been investigated for possible groundwater contamination. Well 22796 shows concentrations of
TCE above Tier I action levels. This well is also in an area that has not been investigated for
groundwater contamination. Well 22896 was installed near Building 559. This well shows TCE
concentrations above Tier I action levels. Well P209189 has historically shown 1,1 dichloroethene

(1,1, DCE) above Tier II action levels. Carbon tetrachloride (carbon tet) is also seen in this well. This

well is one of the few wells on Site that contains anomalous concentrations of 1,1-DCE.

The location of these wells near flowing streams suggested that a potential impact to surface water may
be possible. Wells 22796 and P219189 are near the Walnut Creek drainage, though the stream has been
re-routed through culverts in the general area. Wells 22696 and 22896 are upgradient of a small tributary
stream that flows north to Walnut Creck on the east side of Building 371. This stream is fed by a number
of pipes and culverts along its path and therefore does not depend upon groundwater influx as it’s only
source of recharge. Well 1986 is a routine monitoring well located near this stream which showed TCE
above action levels (28 pg/L) for the first time in ten years (see Figure 4-1). Because of this, the previous

sample result was used pending confirmation of the October sample.

To investigate potential impacts to surface water, a line of temporary wells were installed between the

anomalous wells and the streams. Twenty-three wells were installed that were spaced approximately one
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hundred feet apart. The RFETS Geoprobe unit was used to install the one inch diameter wells, which
were completed below ground surface and protected by a flush mounted metal cap. The wells were
installed in or on the side of two existing paved roads, to allow for sampling access. Ten wells were
installed in an east-west direction to cover the potential groundwater pathways from wells P219189 and
22796. The rest of the wells were installed on a southwest-northwest line that would define groundwater
pathways downgradient of wells 22696 and 22896. The wells were sampled for VOCs as these are the
only compounds that exceed action levels. The wells were installed in the third quarter, and sampled
during the fourth quarter of 1998. Table 4-1 shows the results of the fourth quarter sampling for the
temporary wells, which are numbered 20098-22298. Also in support of the evaluation effort, in the first
quarter of 1999, well 77492 was sampled and a stream sample was taken near well 1986.

4.1.2 Hydrogeology

The line of temporary wells is located in an area that was originally composed of hillslope colluvium
where it interfingers with valley fill alluvium materials near Walnut Creek and the small tributary stream.
Cut and fill activities during construction of the 700 building complex have resulted in areas of fill which
are composed dominantly of colluvial material. As such, the dominant lithology in the wells 1s sandy clay
and clayey sand which is interbedded with one half to three foot intervals of clayey to sandy gravel.

These gravel intervals are thought to be the edge of the valley fill alluvium which probably does not
extend much farther upslope of the Geoprobe line. For this reason these coarser intervals were not
factored into the flux calculations discussed in a later section. The Geoprobe holes were taken down to
the bedrock contact and the wells were screened so as to include the contact in the screened interval.
Wells 21998, 22098 and 22198 did not intersect bedrock due to refusal problems. Bedrock lithology in
this arca is typically a moderately weathered claystone. Figure 4-1 contains the potentiometric surface for
the north A based on water levels taken in the fourth quarter of 1998. In general the potentiometric
surface mimics the topography, and suggests that groundwater flow from the 700 building complex can

head northwest, north and northeast.

4.1.3 Evaluation of Sampling Results

The results of the VOC sampling from the temporary wells have been summarized in Table 4-1. Only
those VOC compounds for which significant concentrations were detected are listed. In addition, data
from other wells in the area is included in Table 4-1 for the purposes of assessing the possible nature and
extent of the groundwater contamination. The concentrations of TCE, carbon tet, chloroform, 1,1-DCE
and vinyl chloride are presented in Figures 4-2 through 4-6, respectively. It can be seen that the

groundwater contamination seen in the area can be related based on the dominant VOCs detected.
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Table 4-1
Volatile Organic Compounds in Groundwater North 1A Plume

‘ Concentration in ug/L
cisftrans
1,2 11 Carbon 1,1 Tetra-
Dichloro-| Dichloro- Vinyl Tetra- | Trichloro- | Dichloro- | chloro-

Well Sample Type Fall Wate | Sample Date! ethene | ethane { Chioride | chloride | ethene ethene | ethene {Chloroform{ Total VOCs
22098 Geoprobe well 5989.5| 9/17/98 U U U U U U U U [i]
21998 Geoprobe well 5985.7| 9/15/98 U U U U U U U U 0
21898 Geoprobe welt 5970.0]  9/23/98 4 1 ] U 10 1 7 U 23
21798 Geoprobe wel} 5966.4] 9/15/98 10 7 12 U 8 2 U U 39
21698 Geoprobe well 5957.4|  3/29/99 8 U U U 29 U 7 U 44
21598 Geoprobe well 5963.7| 9/23/98 6 4] U 4 86 3 Y] yU 99
21498 Geoprobe well £955.3 9/22/98 U U U 4 2 [8) 8] 2 8
21398 Geoprobe weli Dry 0
21298 Geoprobe well 5946.9 9/22/98 U U 3 8 U U U 4 12
21198 Geoprobe well 5945.7| 9/22/98 U U U 7 U U U 5 12
21098 Geoprobe well 5946.0)  9/24/98 U U U 1800 U uU U 410 2210
20998 Geoprobe well 5944.9 9/23/98 U U U 42 U [y v 130 172
20898 Geoprobe well 5938.8] 9/21/98 U U Y 96 U U 4 95 195
20798 Geoprobe well 5927.7| 9/21/98 1.6 3 U U U U ] U 4.6
20698 Geoprobe well 5923.2 9/28/98 10 2 3 8} 16 U % U 31
20598 Geoprobe well 5940.3 9/28/98 4 4 8 U U 20 U U 36
20498 Geoprobe well 5927.8!  9/23/98 3 9 7 U U 110 U U 129
20398 Geoprobe well 5926.9 9/23/98 1 5 1 U U 4 U U 1
20298 Geoprobe well 5926.9] 9/24/98 U 2 U U U U U U 2
20198 Geoprobe well 5932.0 9/23/98 9] U U U U U U U 0
20098 Geoprobe well 59220/ 9/16/98 15 9] U 5] U U U U 15
22198 Geoprobe well 5920.6] 9/22/98 U U U U U U u ] 0
22298 Geoprobe well 5916.7 9/24/98 %) U U U U U U U [

1986 Well 59403 6/17/98 U U U U U U V) U 0

2286 Well 7/12/95 U U U 180 180 U U 38
5687 Well 7/12/85 13 10 2 U 68 5 4 6

P210189 Well 4/14/98a 68 U U 5200 3100 U U 340 8708
P209189 Well 4/14/98a 2 U U 1 5 U u U 8
P209289 Well 5968.67| 4/14/98a u U U 49 U U U 46 95
P219189 Well 5931.15 6/16/98 U 29 U 7 U 30 U 2 68
P209489 Well 5950.84 5/13/98 11 0.4 U 52 63 1 3 20 150.4
P209389 Well 5964.43 2/23/99 U 1 U 1.6 U 36.1 2 2.8

77492 Well | 3/26/99 U U U U U 1) U
42393 Well 177 4/14/98a U U U U U U U [§] 0
41993 Well | 12/15/97 U U 5] U 0.5 U 0.5 U 1
45693 Well 12/8/97 U 9] U U 2 3] 05 1 35
45893 Well 12/15/97 8 1 U 74 64 1 6 16 170
30595 Well | 12/17/97 U U U 1 6 U 1 2 10
22696 Well 5964.03 8/31/98 U U U U 10 2 U U 12
22796 Well 5929.62 6/16/98 11 8] y U 29 U §] U 40,
22896 Well 5980.5 9/1/98 3 U U U 2400 U U U 2403
02497 Well 5970.11 11/3/98 U U U U 3 U U 1
18199 Well 3/26/99 U U U| 15400 3 376 16 2200 17642.2
18299 Well 3/26/99 U U U 3280 1.1 U U 1600 4881.1
18399 Well | 3/26/99 U U U| 23000 U U U 3430 26430
18499 Well 3/26/99 U 14 U| 57800 34 150 23 8750 667071
18599 Well 3/26/99 U 2.4 Ul 31800 1 278 3.5] 4300000 4331934.8
18699 Well 3/26/99 U 15 U 5 U U 12 U 7.7
18799 Well 3/26/99 U U U 927 U 5.8 6.8 511 1450.6,

771FDOUT #2 |Pipe 3/26/99 U U [§) 12 U 1 U 23 36
771Manhole #3 |Pipe 3/26/99 U U U U U U U U 0
MW771 Manhole {Pipe 3/26/99 U U u U U [Y) U 3] 0
1986 Stream _ |Stream 3/26/99 U U 8] U U U U 9]
Action Level ug/L 70 1000 2 5 5 7 5 100 1194
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The following is a breakdown of the data with respect to nature and extent of contamination: Wells
21599, 21699,21799 and 21899 are dominated by TCE with attendant PCE and vinyl chloride
concentrations above Tier II action levels. The VOC signature in these wells is similar to VOCs found in
wells 22698 and 22898. Recent plume concentration maps generated as part of the 1997 Annual
Groundwater Monitoring Report (DOE, 1998) have associated well 22896 with the northem extent of the
IA VOC plume, and the high concentration of TCE suggests a nearby source. With the addition of the
temporary well data, it now appears that the northern IA plume extends farther north than originally
thought and is in a position to have contact with the stream in this area. Figure 4-2 shows the spatial

relation of TCE detections to the north IA .

Wells 20898, 20998, 21098, 21198, and 21298 are dominated by carbon tet with attendant chloroform
above Tier I action levels. There is no TCE or PCE in these wells, which suggests a different source for
the groundwater contamination in this area. Figures 4-3 and 4-4 show the concentration of carbon tet and
chloroform in the north JA. Table 4-1 includes the recent data collected from the natural attenuation
project for IHSS 118.1 (RMRS, 1999d). THSS 118.1 is a former carbon tet tank location which
experienced numerous historic spills and/or leaks. The tank has since been removed. A drilling and
sampling program was designed at IHSS 118.1 to collect the data necessary for decision making with
respect to natural attenuation. Eight wells were installed in a pattern so as to have two wells upgradient of
the DNAPL source, and three wells along an east-west line where two wells were in the source, and one
well was located cross gradient to the source (see Figure 4-9). The remaining three wells were installed
in a line approximately 60 to 70 feet downgradient from the source. The wells were installed in February
1999 and the first round of sampling was completed by the end of March. In addition, VOC samples
were taken of two manholes and one pipe outfall, that are thought to be associated with the Building 771
footing drain system, which lies on the south side of Building 771. Building 771 is approximately 120
feet due north of the IHSS 118.1 source and the footing drain is thought to be intercepting a portion of the

VOC plume. Figure 4-1 shows the location of the wells and other sampling locations.

The VOC signature from the IHSS 118.1 wells matches the VOC signature from the temporary wells
listed above. Because chloroform is a breakdown product of carbon tet, it is predictable that these two
compounds would occur together. Carbon tet was also found above Tier II action levels in sample
771FDOUT #2 which is from an outfall pipeline thought to be related to the 771 footing drain system (see
Figure 4-3). Based on the information at hand, it appears that carbon tet plume from IHSS 118.1 is
migrating westward towards the stream in concentrations that could impact surface water. In addition,
there is evidence that the plume is being captured in part by the 771 footing drain system. Wells 1986 and

77492 lie due west and northwest of the carbon tet plume as seen in the temporary wells. Groundwater
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sample data from these wells, and a stream sample taken near well 1986 showed no detections for VOCs.

If a pathway to surface water exists here, it must be between these two locations.

Given the evidence for a groundwater pathway to the west of IHSS 118.1, existing data was evaluated to
determine if additional pathways may exist to the north and east of the latter. Wells 20198, 20098, 22198,
and 22298 were installed to determine if a pathway form the carbon tet plume to surface water existed in
this area. Data from these temporary wells shows no detections for VOCs. Table 4-1 and Figures 4-2
through 4-6 also show data from existing wells located to the east of IHSS 118.1. Well P209289 is east
of IHSS 118.1 and shows the same VOC signature as other wells associated with the carbon tet plume.
Wells P210189, P209489, 2286 and 45893 show carbon tet and chloroforfn above Tier II action levels,
but also contain TCE above Tier II action levels. In fact both TCE and carbon tet have historically been
above Tier I action levels in well P210189. Well 5687, which is located to the south of well P210189 has
high TCE and very low concentrations of carbon tet. The data suggest that wells in this cluster are
possibly being affected by multiple sources; a TCE source and a carbon tet source. It is possible that

THSS 118.1 is contributing the carbon tet that is found in this area.

Well 45893 is north of the possible TCE source and northwest of IHSS 118.1. This is the farthest well to
the north that shows both TCE and carbon tet. Well 30595 is farther north outside the PA, near the
Walnut Creek drainage and does show TCE above Tier II action levels. It is possible that a pathway
exists in the area of these two wells. Given that the Solar Evaporation Ponds (SEPs) groundwater
collection and treatment system is being installed in this area, this pathway may no longer require
additional investigation. Well P219189 is north of IHSS 118.1 and does show carbon tet above Tier 11

action levels. However, temporary wells to the north of this well do not show any carbon tet.

The third area of groundwater contamination is located due north of Building 771and involves temporary
wells 20498, 20598 and 20698. These three wells show detections of vinyl chloride above Tier II action
levels. Well 20498 also shows TCE above Tier II action levels and well 20698 shows 1,1-DCE above
Tier 11 action levels. The VOC signature for well 20698 closely matches existing well 22796 in that both
wells show TCE concentrations. Well 20498 is similar to well P219189 in that they both contain 1,1-
DCE above action levels. However, the two wells differ in that well 20498 contains TCE as opposed to

P219189, which contains carbon tet above Tier II action levels.

4.1.4 Plume Flux Calculations

Plume flux estimates were made to establish the potential impact to surface water from the three

contaminant plume areas referenced above and identified from the Geoprobe drilling project. Table 4-1
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was used to derive the total concentration of VOCs detected in each well. Table 4-2 presents the results

of calculations to determine the flux of contaminated groundwater to the stream.

Saturated thickness was determined by estimating the feet of water column between the water table
elevation and the bottom of the screen. Since all wells are screened primarily in alluvial materials, the

bedrock portion of the borehole is typically only a foot or less in thickness.

Transmissivity was calculated by using the saturated thicknesses derived from both fall and spring water
levels and using estimates of hydraulic conductivity for colluvial materials from the 1995 Hydrogeologic
Characterization Report (EG&G, 1995b). Transmissivities were calculated using the minimum,
maximum and geometric mean hydraulic conductivities found in Table G-2 of the Hydrogeologic Report
(EG&G, 1995b). Colluvial materials at RFETS are variable in composition both in the vertical dimension
i the borehole, but also in the horizontal dimension. Therefore, no attempt was made to make

adjustments to hydraulic conductivity based on lithologic changes seen in the colluvium.

The estimated discharge was calculated on a per well basis using the mean transmissivity values for fall
and spring periods. The hydraulic gradient was estimated using the difference between water levels in
wells 22896 and the elevation of the stream near Geoprobe well 21598. This gradient was used for all
wells due to the paucity of upgradient wells available in the area and the complications caused by
buildings and associated alterations to the topography. The length perpendicular to flow was set at 100
feet, which is the distance between the temporary wells. Total discharge for the three contaminant plumes

is seen at the bottom of Table 4-2.

Using the calculated discharge, and the total VOC concentration data in Table 4-1, an estimate of
contaminant load was calculated in Table 4-2. Loads were calculated using both spring and fall data and
the total load for each plume occurs at the bottom of the table. Using the load and discharge estimates, a
total flux of VOC contaminants is calculated. The wells involved in each plume are labelled and outlined
with a dark line in Table 4-2. The flux for the TCE plume is 0.001 Kg/day, 0.015 Kg/day for the carbon
tet plume, and 0.001 Kg/day for the vinyl chloride plume.

4.1.5 Conclusions and Recommendations

The results of this investigation suggest that groundwater contamination above groundwater action levels
exists in the general area of the unnamed tributary drainage to Walnut Creek in the IA. Well 1986,
located in the drainage itself, does not show VOC concentrations above action levels, nor did a surface

water sample collected in the stream adjacent to well 1986. Well 77492 also shows no VOC detections,
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but the well is located in an area of artificial fill and where the stream is in a culvert, so the well may not
be representative of natural hydrologic conditions. This small tributary stream receives influent from a
number of pipes and culverts which may serve to dilute the effects of any groundwater recharge to the

stream.

The line of Geoprobe wells appears to have adequately characterized the nature and extent of
groundwater contamination in the area of the tributary drainage. Additional evaluation may be necessary
to establish pathways for the carbon tet plume to the east and north of THSS 118.1. There is evidence
that a portion of the carbon tet plume has moved eastward from the source and possibly intermingled with
another VOC plume north of Building 779. Also, well P219189 has carbon tet above action levels which
may suggest a pathway from the carbon tet plume to the north. The current well installation program for
the D&D monitoring of Building 771 may add information on the extent of the carbon tet plume. In
addition, a well installation program is also planned for Building 776/777 D&D monitoring in FY00

which should help define potential pathways for groundwater contamination.

The cumulative contaminant flux to surface water from the three groundwater plume areas defined
amounts to approximately 14 grams per day. Given the low flow from the outfall pipe that did show
detections for VOCs it can be assumed that this pathway provides little added impact to surface water if
the pipe is not being used. Efforts will be made to ascertain whether this outfall has been abandoned and

whether it is capable of higher flow rates at certain times of the year.

4.2 PU&D Yard Plume Investigations

In 1997, the Site conducted a field investigation into the nature and extent of VOC groundwater
contamination found in upgradient monitoring wells at the Present Sanitary Landfill. This investigation
resulted in the identification of the PU&D Yard as the probable source arca and implicated the landfill
groundwater intercept and diversion system as an important factor in contributing to longitudinal plume
spreading (Figure 4-7). The results of this evaluation were summarized in the 1997 Annual RFCA
Groundwater Monitoring Report (DOE, 1998). Further investigation into the function of the groundwater
intercept and diversion system and it’s possible role in collecting and discharging PU&D Yard plume
contaminants downgradient of the landfill were undertaken in 1998. This section summarizes the results
of the 1998 investigation, including ficld observations of drain valving, flow, and analytical results of

samples collected at the drain outfalls in 1998 and 1999.
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Figure 4-8 illustrates the layout of the groundwater mntercept and diversion system. Information presented
in the Phase I RFI/RI Work Plan for Operable Unit No. 7 - Present Sanitary Landfill (DOE, 1991) and
other Operable Unit 7 documentation contain engineering design specifications and a hydrologic analysis
of system effectiveness, but contain little information on system operation, such as valving configurations
and discharge data. Discharge at drain outfalls SW099 and SW100 located below the landfill pond dam is
usually minimal or absent despite evidence, such as an abundance of valley head-cut seeps in pre-landfill
aerial photographs, that suggest flow should be greater than currently observed assuming proper drain
function. Explanations for the lack of appreciable discharge at these outfalls involve at least four
scenerios: 1) discharge is currently routed toward the landfill pond by valving and piping shown in design
drawings, 2) the lines have been broken or breached during normal landfill operations resulting in
subsurface releases of drain water to refuse materials, 3) the drain system was never properly functional
because of leakage caused by geological irregularities, design or installation flaws, or other potential
shortcomings, and 4) groundwater levels at the perimeter of the landfill drop below the elevation of the

groundwater diversion system drainpipe during extended periods during the year.

For these reasons, a preliminary investigation into drain operation was undertaken to gain additional
mformation on the fate of groundwater collected by the system. This investigation consisted of a records
search to uncover additional documentation on the historical operation and valve configuration; a field
search to locate valves, drain line locations, and drain outfall locations at the landfill pond; and a

monitoring program for sampling groundwater flow issuing from SW099 and SW100.

A records search resulted in the disclosure of no new information relevant to drain operation beyond that
contained within DOE (1991). The field survey, however, was more successful resulting in the location
of valving for both the north and south intercept lines, the location of apparent pond line locations
indicated by subtle changes in topography and vegetation leading from the valves, and location of the
south pond drain outfall during a period of low pond stage (May 1999). Significantly, no discharge was
observed at this outfall during a time when SW099 and SW100 were both flowing.

Observation of drain outfalls SW099 and SW100, located on Figure 4-8, was conducted at roughly
monthly intervals during the Fall and Winter of 1998, and Spring of 1999. In December 1998, a
sufficient amount of flow was observed at SW099 (0.007 gallons per minute [gpm] on 12/18/98) to justify
sampling for VOCs. The SW100 outfall was dry during all site visits prior to April 1999, except for

- incident precipitation which had built up inside the weir box. On April 29, 1999, flows from both outfalls

were observed and a complete sample set was collected for VOCs, metals, radionuclides (Pu-239/240,

Am-241, uranium isotopes, and tritium), and water quality parameters (total dissolved solids, sulfate,
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fluoride, and nitrate/nitrite). Discharges of 0.5 gpm at SW099 and 1.3 gpm at SW100 were measured

prior to sampling.

Table 4-3 presents the analytical results of the 1998 and 1999 sampling events at SW099 and SW100.
VOCs characteristic of PU&D Yard groundwater contamination were not detected in samples collected at
either outfall. Dissolved metals, water quality constituents, Pu-239/240, Am-241, and tritinm were all
found below Tier I action levels. The uranium isotope U-233/234 was detected above the Tier II action
level at 1.2991 pCi/L in SW100, but below the Tier II action level at SW099 (0.9358 pCi/L). U-235 was
detected below the Tier 1T action level and U-238 was detected above the Tier I action level at both
locations. In all cases, the reported uranium isotope activities were well below their respective
background M2SD activities and, as such, are not reportable values. The information collected thus far
indicates that the PU&D Yard VOC plume does not contribute significant concentrations of contaminants
to the landfill groundwater intercept and diversion system. Monitoring of the drain outfalls will be
continued in 1999 to further investigate the potential impact of PU&D Yard contamination on

groundwater and surface water quality downgradient of the landfill.

4.3 Carbon Tetrachloride Plume

This section summarizes the progress on the THSS 118.1 carbon tetrachloride plume natural attenuation
study, which was initiated in FY99. The object of this report is to provide sample results for the suite of
analytes that were sampled in the first sampling round and determine whether the suite should be
modified given the results obtained. The overall goal of the project is to characterize the potential for
natural attenuation as a significant factor in the remediation strategy for the IHSS 118.1 Dense Non-
Aqueous Phase Liquid (DNAPL) source. Carbon tet is the main contaminant of concern at IHSS 118.1
and is the result of spills related to a carbon tet storage tank, which has been subsequently removed.
Characterization work was initiated in 1997 to identify the extent of the DNAPL source and determine the
feasibility of extracting the DNAPL through pumping or excavation. Source removal was postponed
because it is presently unfeasible to excavate the source due to the number of active process pipes that run
through the source area. The decision was then made to evaluate the potential for the carbon tet plume to

be effected by natural attenuation processes.
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Table 4-3 Groundwater Intercept System Analytical Data
Present Sanitary Landfill/PU&D Yard

‘ Location  Sample Sample # Analyte Result  Units Lab Detection Validation
Date ' Qualifier  Limit  Qualifier

SW099 4/29/99 GWO06353TE  FLUORIDE 04 MG/L 0.05
SW099 4/29/99 GWO06353TE  NITRATE/NITRITE 0.19 MG/L 0.05
SW099 4/29/99 GWO06353TE ~ SULFATE 40 - MG/L 1
SW099 4/29/99 GWO06353TE ~ TOTAL DISSOLVED SOLIDS 380 MG/L 10
SW100 4/29/99 GWO06354TE  FLUORIDE : 041 MG/L ' 0.05
SW100 4/29/99 GWO06354TE  NITRATE/NITRITE 0.05 MG/L u 0.05
SW100 4/29/99 GWO06354TE  SULFATE 58 MG/L 1
SW100 4/29/99 GWO6354TE  TOTAL DISSOLVED SOLIDS 260 MG/L 10
SW099 12/30/98 GWO6198TE  1,1,1,2-TETRACHLOROETHANE 1 UG/L U 1
SW099 12/30/98 GWO6198TE  1,1,1-TRICHLOROETHANE 1 UGL U 1
SW099 12/30/98 GWO6198TE  1,1,2,2-TETRACHLOROETHANE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  1,1,2-TRICHLOROETHANE 1 UGL U 1
SW099 12/30/98 GWO6198TE  1,1-DICHLOROETHANE 1 UG/L u I
SW099 12/30/98 GWO6198TE  1,1-DICHLOROETHENE 1 UGL U I
SW099 12/30/98 GWO6198TE  1,1-DICHLOROPROPENE 1 UG/L U I
SW099 12/30/98 GWO6198TE  1,2,3-TRICHLOROBENZENE 1 UGL U 1
SW099 12/30/98 GWO6198TE  1,23-TRICHLOROPROPANE I UG/L U 1
SW099 12/30/98 GWO6198TE  1,2,4-TRICHLOROBENZENE 1 UGL 9] 1
5W099 12/30/98 GWO06198TE  1,2-DIBROMOETHANE 1 UG/L U i
SW099 12/30/98 GWO6198TE  1,2-DICHLOROBENZENE 1 UG/L U 1
SW099 12/30/98 GWO6198TE  1,2-DICHLOROETHANE 1 UG/L u 1
SW099 12/30/98 GWO6198TE  1,2-DICHLOROPROPANE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  1,3-DICHLOROBENZENE 1 UG/L U i

. SW099 12/30/98 GWO6198TE  1,3-DICHLOROPROPANE | UG/L U 1
SW099 12/30/98 GWO06198TE  1,4-DICHLOROBENZENE 1 UG/L u 1
SW099 12/30/98 GWO6198TE  2,2-DICHLOROPROPANE I UG/L U 1
SW099 12/30/98 GWO6198TE  4-ISOPROPYLTOLUENE 1 UG/L u 1
SW099 12/30/98 GWO6198TE  BENZENE 1 UG/L U 1
SW099 12/30/98 GWO6198TE  BENZENE, 1,24-TRIMETHYL 1 UG/L U 1
SW099 12/30/98 GWO6198TE  BENZENE, 1,3,5-TRIMETHYL- i UG/L u 1
SW099 12/30/98 GWO06198TE  BROMOBENZENE 1 UG/L u 1
SW099 12/30/98 GWO6198TE  BROMOCHLOROMETHANE 1 UG/L u 1
SW099 12/30/98 GWO06198TE  BROMODICHLOROMETHANE 1 UG/L ¢] 1
SW099 12/30/98 GWO06198TE  BROMOFORM 1 UG/L U 1
SW099 12/30/98 GWO06198TE  BROMOMETHANE 1 UGL u 1
SW099 12/30/98 GWO06198TE  CARBON TETRACHLORIDE 1 UG/L u 1
SW099 12/30/98 GWO06198TE  CHLOROBENZENE 1 UG/L U 1
SW099 12/30/98 GWO06198TE ~ CHLOROETHANE 1 UG/L U 1
SW099 12/30/98 GWO6198TE  CHLOROFORM 1 UG/L U 1
SW099 12/30/98 GW06198TE  CHLOROMETHANE 1 UG/L u 1
SW099 12/30/98 GWO6198TE  cis-1,2-DICHLOROETHENE 1 UG/L U 1
SW099 12/30/98 GWOG6198TE  cis-1,3-DICHLOROPROPENE 1 UG/L U 1
SW099 12/30/98 GW06198TE  DIBROMOCHLOROMETHANE 1 UG/L u 1
SW099 12/30/98 GWO06198TE  DIBROMOMETHANE 1 UG/L u 1
SW099 12/30/98 GWO06198TE  DICHLORODIFLUOROMETHANE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  ETHYLBENZENE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  HEXACHLOROBUTADIENE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  ISOPROPYLBENZENE 1 UG/L U 1
SW099 12/30/98 GWO6198TE  METHYLENE CHLORIDE 1 UG/L U i

‘ SW099 12/30/98 GWO06198TE  NAPHTHALENE 1 UGL u 1
SW099 12/30/98 GWO6198TE  n-BUTYLBENZENE 1 UG/L U 1
SW099 12/30/98 GWO6198TE ~ n-PROPYLBENZENE 1 UG/L U 1
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Table 4-3 Groundwater Intercept System Analytical Data
Present Sanitary Landfill/PU&D Yard

. Location Sample Sample # Analyte Result - Units Lab Detection Validation
Date ‘ Qualifier  Limit  Qualifier
SW099 12/30/98 "GWO6198TE  0-CHLOROTOLUENE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  p-CHLOROTOLUENE 1 UGL U 1
SW099 12/30/98 GWO6I98TE ~ PROPANE, 1,2-DIBROMO-3-CHLORO- 1 UG/L U 1 R1
SW099 12/30/98 GWO6198TE * sec-BUTYLBENZENE 1 UGL U 1
SW099 12/30/98 GWO6198TE  STYRENE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  tert- BUTYLBENZENE 1 UGL U 1
SW099 12/30/98 GWO06198TE  TETRACHLOROETHENE 1 UGL u 1
SW099 12/30/98 GWO6198TE  TOLUENE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  TOTAL XYLENES 1 UG/L 3] 1
SW099 12/30/98 GWO6198TE  trans-1,2-DICHLOROETHENE 1 UG/L u 1
SW099 12/30/98 GWO6198TE  trans-1,3-DICHLOROPROPENE 1 UG/L u 1
SW099 12/30/98 GWO06198TE  TRICHLOROETHENE 1 UG/L U 1
SW099 12/30/98 GWO06198TE  TRICHLOROFLUOROMETHANE 1 UG/L U 1
SW099 12/30/98 GWO06198TE ~ VINYL CHLORIDE 1 UG/L 8] 1
SW099 4/29/99 GWO6353TE  1,1,1,2-TETRACHLOROETHANE 1 UG/L U 1 Vi
SW099 4/29/99 GWO6353TE  1,1,1-TRICHLOROETHANE I UG/L u 1 V1
SW099 4/29/99 GWO6353TE  1,1,2,2-TETRACHLOROETHANE 1 UGIL U 1 Vi
SW099 4/29/99 GWO06353TE 1,1, 2-TRICHLOROETHANE 1 UG/L u 1 AL
SW099 4/29/99 GWO06353TE  1,1-DICHLOROETHANE 1 UG/L U 1 \%
SW099 4129/99 GWO06353TE  1,1-DICHLOROETHENE 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  1,1-DICHLOROPROPENE 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  1,2,3-TRICHLOROBENZENE 1 UG/L U i Ul
SW099 4/29/99 GWO06353TE  1,2,3-TRICHLOROPROPANE i UG/L U 1 Vi
SW099 4/29/99 GWO06353TE 1,2, 4-TRICHLOROBENZENE 1 UG/L U 1 It
' SW099 4/29/99 GWO6353TE  1,2-DIBROMOETHANE 1 UG/L 8] 1 1%
S5W099 4/29/99 GWO6353TE  1,2-DICHLOROBENZENE ! UGL U 1 un
SW099 4/29/99 GWO06353TE  1,2-DICHLOROETHANE 1 UG/L 8] 1 Vi
SW099 4/29/99 GWO06353TE  1,2-DICHLOROPROPANE 1 UG/L u 1 Vi
SW099 4/29/99 GWO6353TE  1,3-DICHLOROBENZENE 1 UG/L u 1 un
SW099 4/29/99 GWO06353TE  1,3-DICHLOROPROPANE 1 UG/L U 1 V1
SW099 4129/99 GWO6353TE  1,4-DICHLOROBENZENE 1 UGL U 1 un
SW099 - 4/29/99 GWO06353TE  2,2-DICHLOROPROPANE 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  4-ISOPROPYLTOLUENE i UG/L U 1 un
SW099 4/29/99 GWO063S3TE  BENZENE 1 UG/L U 1 un
SW099 4/29/99 GWO6353TE  BENZENE, 1,24-TRIMETHYL 1 UG/L U 1 un
SW099 4/29/99 GWO06353TE  BENZENE, 1,3,5-TRIMETHYL- 1 UG/L 4] 1 un
SW099 4/29/99 GWO6353TE BROMOBENZENE I UGIL (6] 1 ul
SW099 4/29/99 GWO6353TE  BROMOCHLOROMETHANE 1 UG/L U 1 Vi
SW099 4/29/99 GWO6353TE BROMODICHLOROMETHANE 1 UGIL U 1 Vi
SW099 4/29/99 GWO06353TE  BROMOFORM 0.1 UGL 3 1 V1
SW099 4/29/99 GWO06353TE ~ BROMOMETHANE 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  CARBON TETRACHLORIDE 1 UG/L u 1 Vi
SW099 4/29/99 GWO06353TE  CHLOROBENZENE 1 UG/L U 1 usi
SW099 4/29/99 GW06353TE  CHLOROETHANE 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  CHLOROFORM 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  CHLOROMETHANE 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  cis-1,2-DICHLOROETHENE I UG/L u 1 Vi
SW099 4/29/99 GWO63S3TE  cis-1,3-DICHLOROPROPENE 1 UG/L U 1 Vi
SW099 4129199 GWO63S3TE  DIBROMOCHLOROMETHANE 1 UG/ 1§ 1 Vi
SW099 4/29/99 GWO63S3TE  DIBROMOMETHANE 1 UG/L u 1 V1
‘ SW099 4/29/99 GWO06353TE ~ DICHLORODIFLUOROMETHANE 1 UGL U 1 Vi
SW099 4/29/99 GWO6353TE  ETHYLBENZENE 1 UGL u 1 un
SW099 4/29/99 GWO6353TE  HEXACHLOROBUTADIENE t UG/L U 1 Vi
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Table 4-3 Groundwater Intercept System Analytical Data

Present Sanitary Landfill/PU&D Yard

,

. Location  Sample

Sample # Analyte Result  Units Lab Detection Validation
Date Qualifier  Limit Qualifier
SW099 4/29/99 GWO6353TE  ISOPROPYLBENZENE ! UG/L U 1 U1
SW099 4/29/99 GWO06353TE ~ METHYLENE CHLORIDE 0.09 UG/L BJ 1 JB1
SW099 4/29/99 GW06353TE  NAPHTHALENE 1 UG/L U 1 ust
SW099 4/29/99 GWO06353TE  n-BUTYLBENZENE 1 UGL U 1 un
SW099 4/29/99 GWO06353TE  n-PROPYLBENZENE 1 UG/L U 1 un
SW099 4/29/99 GW06353TE  0-CHLOROTOLUENE 1 UG/L U 1 Uit
SW099 4/29/99 GWO06353TE  p-CHLOROTOLUENE ] UG/L U I uli
SWQ99 4/29/99 GWO06353TE  PROPANE, 1,2-DIBROMO-3-CHLORO- 1 UG/L U 1 R1
SW099 4129/99 GW06353TE  sec-BUTYLBENZENE 1 UGL U 1 Uit
SW099 4/29/99 GWO06353TE  STYRENE ] UG/L U i un
SW099 4/29/99 GWO06353TE  tert-BUTYLBENZENE i UGL u 1 un
SW099 4/29/99 GW06353TE  TETRACHLOROETHENE 1 UGIL U 1 Vi
SW099 4/29/99 GWO06353TE  TOLUENE 1 UG/L U ] un
SW099 4/29/99 GW06353TE  TOTAL XYLENES | UG/L U 1 un
SW099 4129/99 GW06353TE  trans-1,2-DICHLOROETHENE 1 UGIL U 1 Vi
SW099 4129/99 GWO06353TE  trans-1,3-DICHLOROPROPENE 1 UG/L U 1 Vi
SW099 4129/99 GWO06353TE  TRICHLOROETHENE 1 UG/L U 1 Vi
SW099 4/29/99 GW06353TE  TRICHLOROFLUOROMETHANE 1 UG/L U i Vi
SW099 4/29/99 GW06353TE  VINYL CHLORIDE 1 UG/L 3] ] A%
SW100 4/29/99 GWO06354TE  1,1,1,2-TETRACHLOROETHANE 1 UGL U i \%
SW100 4/29/99 GWO06354TE  1,1,1-TRICHLOROETHANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO06354TE  1,1,2,2-TETRACHLOROETHANE 1 UG/L u 1 Vi1
SW100 4/29/99 GWO06354TE  1,1,2-TRICHLOROETHANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO6354TE  1,1-DICHLOROETHANE t UGIL U 1 A
‘ SW100 4/29/99 GW06354TE  },1-DICHLOROETHENE ] UG/L U 1 V1
SW100 4129/99 GWO06354TE  1,1-DICHLOROPROPENE ! UG/L U 1 Vi
SW100 4129/99 GWO06354TE  1,2,3-TRICHLOROBENZENE 1 UGL 9] i un
SW100 4/29/99 GW06354TE  1,2,3-TRICHLOROPROPANE 1 UG/L u 1 Vi
SW100 4/29/99 GWO06354TE  1,2,4-TRICHLOROBENZENE 1 UG/L U I ult
SW100 4/29/99 GW06354TE  1,2-DIBROMOETHANE 1 UG/L u 1 Vi
SW100 4/29/99 GWO06354TE  1,2-DICHLOROBENZENE 1 UG/L U i un
SW100 4/29/99 GWO06354TE  1,2-DICHLOROETHANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO6354TE  1,2-DICHLOROPROPANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO06354TE 1.3-DICHLOROBENZENE 1 UG/L U 1 un
SW100 4129/99 GWO06354TE  1,3-DICHLOROPROPANE ] UG/L u 1 1%
SW100 4/29/99 GWO6354TE  1,4-DICHLOROBENZENE 1 UG/L u 1 Uil
SW100 4/29/99 GWO06354TE  2,2-DICHLOROPROPANE ] UG/L U 1 Vi
SW100 4/29/99 GWO063S4TE  4-ISOPROPYLTOLUENE 1 UG/L U 1 un
SW100 4129/99 GWO6354TE  BENZENE 1 UG/L U 1 un
SW100 4/29199 GWO06354TE  BENZENE, 1,2 4-TRIMETHYL 1 UGL u 1 un
SW100 4/29/99 GWO63S4TE ~ BENZENE, 1,3,5-TRIMETHYL- 1 UG/L u 1 Uit
SW100 4/29/99 GWO6354TE ~ BROMOBENZENE I UG/L U 1 un
SW100 4/29/99 GWO06354TE  BROMOCHLOROMETHANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO06354TE  BROMODICHLOROMETHANE 1 UG/L U i vl
SW100 - 4129/99 GWO06354TE  BROMOFORM 1 UG/L U 1 V1
SW100 4/29/99 GWO6354TE BROMOMETHANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO06354TE  CARBON TETRACHLORIDE | UGIL u 1 Vi
SW100 4/29/99 GWO6354TE ~ CHLOROBENZENE 1 UG/L U 1 st
SW100 4/29/99 GWO06354TE  CHLOROETHANE 1 UG/L u 1 V1
SW100 4129/99 GW06354TE  CHLOROFORM 1 UG/L U 1 Vi
. SW100 4/29/99 GWO06354TE  CHLOROMETHANE 1 UG/L U 1 V1
SW100 4/29/99 GWO6354TE  cis-1,2-DICHLOROETHENE 1 UG/L U 1 Vi
SW100 4/29/99 GWOG3S4TE  cis-1,3-DICHLOROPROPENE t UG/L U 1 Vi
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Table 4-3 Groundwater Intercept System Analytical Data
Present Sanitary Landfill/PU&D Yard

‘ Location Sample Sample # Analyte Result  Units Lab Detection Validation
) Date Qualifier Limit Qualifier
SwW100 4/29/99 GWO06354TE ~ DIBROMOCHLOROMETHANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO06354TE ~ DIBROMOMETHANE 1 UG/L U 1 Vi
SW100 4/29/99 GWO06354TE  DICHLORODIFLUOROMETHANE 1 UG/L u 1 Vi
SW100 4/29/99 GWO06354TE  ETHYLBENZENE 1 UG/L U 1 un
SW100 4/29/99 - GWO06354TE HEXACHLOROBUTADIENE 1 UG/L 8] 1 Vi
SW100 4/29/99 GWO6354TE ISOPROPYLBENZENE 1 UG/L U 1 un
SW100 4/29/99 GWO06353TE ~ METHYLENE CHLORIDE 0.1 UG/L B 1 IB1
Swioo 4/29/99 GWO6354TE  NAPHTHALENE 1 UG/L U 1 un
SW100 4/29/99 GW06354TE  n-BUTYLBENZENE 1 UG/L u 1 un
SW100 4/29/99 GWO06354TE n-PROPYLBENZENE 1 UG/L U 1 un
SW100 4/29/99 GWO06354TE ~ 0o-CHLOROTOLUENE i UG/L U 1 Ul
SW100 4/29/99 GWO06354TE ~ p-CHLOROTOLUENE 1 UG/L 8] 1 Uit
SW100 4/29/99 GWO06354TE PROPANE, 1,2-DIBROMO-3-CHLORO- 1 UG/L U 1 R1
SW100 4/29/99 GWO6354TE  sec-BUTYLBENZENE 1 UG/L U 1 un
sSwioo 4/29/99 GWO06354TE STYRENE 1 UG/L 8] 1 un
Swio0o 4/29/99 GWO06354TE  tert-BUTYLBENZENE i UG/L U 1 Ul
SW100 4/29/99 GW06354TE  TETRACHLOROETHENE 1 UG/L U 1 Vi
SW100 4/29/99 GWO06354TE ~ TOLUENE 1 UG/L U i Ul
SW100 4/29/99 GWO06354TE  TOTAL XYLENES 1 UG/L U 1 Uit
SW100 4/26/99 GWO06354TE  trans-1,2-DICHLOROETHENE 1 UG/L U 1 \"2!
SW100 4/29/99 GWO06354TE trans-1,3-DICHLOROPROPENE 1 UG/L U 1 \"21
SW100 4/29/99 GWO06354TE TRICHLOROETHENE 1 UG/L U 1 V1
SW100 4/29/99 GWO6354TE  TRICHLOROFLUOROMETHANE 1 UG/L 8] 1 Vi
‘ SWi00 4/29/99 GWO06354TE VINYL CHLORIDE 1 UG/L U 1 Vi
SW099 4/29/99 GWO06353TE  Aluminum 8.1 UG/L B 5
SW099 4/29/99 GWO06353TE  Antimony 0.98 UG/L B 0.48
SW099 4/29/99 GWO6353TE  Arsenic 0.58 UG/L U 0.58
SW099 4/29/99 GWO06353TE Barium 166 UG/L 0.05
SW099 4/29/99 GWO06353TE Beryllium 0.02 UG/L u 0.02
SW059 4/29/99 GWO06353TE  Cadmium 0.08 UG/L 0] 0.08
SW099 4/29/99 GWO6353TE  Calcium 87000 UG/L 4.1
SW099 4/29/99 GWO06353TE ~ Chromium 0.3 UG/L B 0.15
SW099 4/29/99 GWO06353TE  Cobalt 0.18 UG/L U 0.18
SW099 4/29/99 GWO6353TE  Copper 2.1 UG/L B 0.25
SW099 4/29/99 GWO06353TE  Iron - 15.2 UG/L B 438
SW099 4/29/99 GWO06353TE Lead 0.72 UG/L U 0.72
SW099 4/29/99 GWO06353TE  Lithium 4 UG/L B 0.05
SwW099 4/29/99 GWO06353TE Magnesium 11800 UG/L 0.7
SW099 4/29/99 GWO06353TE  Manganese 1.1 UG/L B 0.05
SW099 4/29/99 GWO6353TE Mercury 0.1 UG/L U 0.1
SW099 4/29/99 GWO06353TE Molybdenum 0.88 UG/L B 0.3
SW099 4/29/99 GWO6353TE  Nickel 1.5 UG/L B 0.3
SW099 4/29/99 GWO06353TE Potassium 869 UG/L B 7
SW099 4/29/99 GWO06353TE Selenium 12 UG/L 8) 1.2
SW099 4/29/99 GWO06353TE Silver 0.35 UG/L U 0.35
SW099 4/29/99 GWO6353TE  Sodium 18000 UG/L 105
SW099 4/29/99 GWO06353TE Strontium 464 UG/L 0.02
SW099 4/29/99 GWO06353TE  Thallium 0.88 UG/L U 0.88
SW099 4/29/99 GWO6353TE Tin 0.68 UG/L U 0.68
‘ SW099 4/29/99 GWO6353TE  Vanadium 1.6 UG/L B 0.2
SW099 4/29/99 GWOG63S3TE  Zinc 4.8 UG/L B 0.12
SW100 4/29/99 GWO6354TE  Aluminum 155 UG/L 5
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Table 4-3 Groundwater Intercept System Analytical Data
Present Sanitary Landfill/PU&D Yard

. Location Sample Sample # Analyte Result  Units Lab Detection Validation
Date Qualifier  Limit Qualifier

SW100 4/29/99 GWO06354TE  Antimony 0.48 UGL 8] 0.48
SW100 4/29/99 GWO6354TE  Arsenic 0.65 UG/L B 0.58
SW100 4/29/99 GWO6354TE  Barium 63.8 UG/L B 0.05
SW100 4/29/99 GWO06354TE  Beryllium 0.02 UG/L u 0.02
SW100 4/29/99 GWO06354TE  Cadmium 0.08 UG/L U 0.08
SW100 4/29/99 GWO06354TE  Calcium 50500 UG/L 4.1
SW100 4/29/99 GWO06354TE  Chromium 0.42 UG/L B 0.15
SW100 4/29/99 GWO6354TE  Cobalt 0.18 UG/L U 0.18
SW100 4/29/99 GWO06354TE  Copper 29 UG/L B 0.25
SW100 4/29/99 GWO06354TE  Iron 104 UG/L 4.8
SW100 4/29/99 GWO06354TE  Lead 0.72 UGL U 0.72
SW100 4/29/99 GWO6354TE-  Lithium 3.6 UG/L B 0.05
SW100 4/29/99 GWO06354TE  Magnesium 9120 UG/L 0.7
SW100 4/29/99 GWO06354TE  Manganese 23 UGL B 0.05
SW100 4/29/99 GWO06354TE  Mercury 0.1 UG/L u 0.1
SW100 429199 GWO06354TE ~ Molybdenum 0.91 UGL B 0.3
SW100 4/29/99 GWO6354TE  Nickel 14 UG/L B 0.3
SW100 4/29/99 GWO6354TE  Potassium 3070 UG/L B 7
SW100 4/29/99 GWO6354TE  Selenium 10.9 UG/L 12
SW100 4/29/99 GWO6354TE  Silver 0.35 UG/L (4] 035
SW100 4/29/99 GWO6354TE  Sodium 19900 UG/L 10.5
SW100 4/29/99 GWO6354TE  Strontium 309 UG/L 0.02
SW100 4/29/99 GWOG3S4TE  Thallium 0.88 UG/L U 0.88
SW100 4/29/99 GWO06354TE  Tin 0.68 UG/L u 0.68

' SW100 4/29/99 GWO06354TE  Vanadium 1.1 UG/L B 02
swioe 4/29/99 GWO06354TE  Zinc 10.8 UG/L B 0.12
SW099 4/29/99 GWO6353TE  Americium-241 0.0179 PCUL I 0.0144 Vi
SW099 4/29/99 GWO6353TE  Plutonium-239/240 0.0065 PCIL u 0.0185 Vi
SW099 4/29/99 GWO06353TE  Uranium-233/234 1.2991 PCIL 0.1595
SW099 4/29/99 GWO6353TE  Uranium-23S 0.1085 PCUL U 0.1421
SW099 4/29/99 GWO06353TE  Uranium-238 1.143 PCIL 0.1195
SW100 4/29/99 GWO6354TE  Americium-241 0.0106 PCUL ] 0.0057 A2
SW100 4/29/99 GWOG3S4TE  Plutonium-239/240 0.0107 PCIL ] 0.0058 Vi
SW100 4/29/99 GWO6354TE  Uranium-233/234 0.9358 PCI/L J 0.0528
SW100 4/29/99 GWO6354TE  Uranium-235 0.0203 PCI/L U 0.1418
SW100 4129199 GWO6354TE  Uranium-238 0.7751 PCIL J 0.0973
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A drilling and sampling program was designed to collect the data necessary for decision making with
respect to natural attenuation. Eight wells were installed in a pattern so as to have two wells upgradient of
the DNAPL source (18799, 18899), three wells along an east-west line where two wells were in the
source, and one well located cross gradient to the source (18499, 18599, and 18699). The remaining three
wells were installed in a line approximately 60 —70 feet downgradient from the source (18199, 18299,
18399). The wells were installed in February 1999 and the first round of sampling was completed by the
end of March. In addition, VOC samples were collected from DNAPL in well 05497. Figure 4-9 shows

the location of the wells and sampling locations.

The wells were installed with bladder pumps so that samples could be collected with aeration of the
sample kept at a minimum. This is important when collecting VOC samples and when measuring
dissolved oxygen (DO) and oxidation reduction potential (redox) parameters. A flow-through cell
containing the field parameter probes was used for collection of temperature, DO, redox, alkalinity,
specific conductance and pH. A HACH spectrophotometer was used to measure ferrous iron. All other
samples were sent to off-site laboratories for analysis. Full suites were obtained from seven of the eight
wells. Upgradient well 18899 was dry and could not be sampled. Table 4.4 lists the analyses performed
for the IHSS 118.1 study as listed in the IHSS 118.1 Sampling and Analysis Plan (RMRS, 1998). Water
levels were obtained for all wells in the project. After additional sampling rounds are completed, the data

will be presented in a Data Summary Report.

4.3.1.1 Footing Drain Qutfall Samples

Two outfall pathways were sampled that are associated with the Building 771 footing drain system.
Building 771 is located approximately 120 feet due north of IHSS 118.1 and has a footing drain system
that collects groundwater from the south side of the building. Because the footing drain system is
downgradient of the carbon tet groundwater plume, it was important to sample the outfalls from this
system to determine if significant concentrations of VOCs were present. Figure 4-9 shows the location of
the sample locations. One outfall is located to the west of Building 771 and flows to a small stream
which enters North Walnut Creek to the north. This outfall could be sampled directly at it’s terminus on
the hillside, and has a location name of 771-FDOUT2. The other outfall is believed to be located under
the North Perimeter road and probably enters North Walnut Creek. The pipeline to this outfall extends
out from the northwest corner of Building 771 and has two manholes that were available for sampling.
Sample location 771-Manhole3 is a manhole accessing the outfall pipeline outside Building 771. The
second location (NW771-Manhole) is located at the confluence of drain pipes near the north perimeter

road.
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Table 4- 4. Sample Types/Analytical Methods

Line ltem Analytes Analytical Media Container Preservative Comments/Holding
Code Method Type Time
Volatile 2 x40 ml VOA o
SS01B005 | Organic S g | Water | vials - Teflon cool 47, Zero head space
Compounds lined septa lids y
Volatile SW-845 Soil, C0-miwide mouth | ¢\ goc | Zero head space
SS01B006 | Organic Method 8260 | Waste | 9/assjarwith 14 day hold time
Compounds Teflon fined lid y
N SW-846 . . R .
S802B006 Semivolatiles Method 8270B Water 3-liter glass jar Cool, 4°C 7 day hold time
250-m| wide .
. 14 days to extraction
. , SW-846 . mouth glass jar o '
S802B006 Semivolatiles Method 82708 Soil with Teflon lined Cool, 4°C 40 day; from '
lid extraction to analysis
Americium, .
RCO1B0003 | Plutonium & | ASD SOWfor i oy 125-g wide mouth | ) 4o ¢
Urani Isotopics RC0O1 glass jar
ranium
ASD SOW for . .
0S01A002 ilrth:/Beta Isotopics RCO1 | Water g;‘ttt’fer plastic Cool, 4° C
P Module OS01A
ASD SOW for :
0S01A003 f{ e geta | Isotopics RCOT | Soil eggsw;?e mouth | cool, 4°C
P Module OS01A giass)
Sulfates, Sulfites and
SW-846, 1 liter plastic o Alkalinity come from
SS06B037 Sulfates 9035 9036 Water bottie Cool, 4° C same bottle
28 day hold time
Sulfates, Sulfites and
SW-846 1 liter plastic o Alkalinity come from
SS06B039 Sulfides 9030A Water bottle Cool, 4°C same bottle
7 day hold time
Sulfates, Sulfites and
. SW-846 1 Liter plastic o Alkalinity come from
$306B002 Alkalinity 310.1, 320.2 Water bottle Cool, 4° C same bottle
14 day hold time
$S06B020 | Nitrates SW-846 , 300.0 | Water ; c:'ttti; plastic Cool, 4°C 48 day hold time
Total Organic | SW-846 1 liter plastic Cool, 4° C .
SS06B025 Carbon 415.1 Water bottle pH<2 wHCI 28 day hold time
Dissolved . .
SS06B024 | Organic SW-846 Water | | liter plastic Cool 4°C | 28 day hold time
4151 bottle
Carbon
SS06B010 | Chlorides E300.0 Water | 100 Ml plastic None 28 day hold time
Field pH SW8040 Water
Field Dissolved E360.1 Water
Oxygen
Oxidation-
Field Reduction ASTM D1498 Water
Potential
Field Temperature | E170.1 Water
Field Conductivity SW9a050 Water
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For purposes of this preliminary evaluation, three of the seven wells were chosen for discussion. Well
18799 1s the only upgradient well that had water, so it is used for background comparison. Well 18499 is
in a Ime due north of 18799 and is in the DNAPL source. Samples were collected above the DNAPL in
the well. Well 18199 is a downgradient well due north of well 18499. These wells comprise a
representative cross section of groundwater quality across the IHSS 118.1 site. In most cases, data from
the other wells conform to those found in this subset. Charts were derived to show the relative changes in
water quality across the [HSS. Reference Appendix A from document RE/RMRS-98-420.UN, Status
Report for Monitoring of Natural Attenuation at IHSS 118.1, for the analytical results obtained from the
wells. Evaluation of the various parameters used for the natural attenuation project leads to a number of
conclusions with regard to whether the parameters are necessary for the continued tracking of VOC

degradation.

4.3.1.2 Natural Attenuation

Natural attenuation is defined as the observed reduction in contaminant concentrations as contaminants
migrate from the source in environmental media. This reduction in concentration can be due to a number
of fate and transport processes in groundwater including, dilution, dispersion, sorption, volatilization and
biotic and abiotic transformations. Biodegradation or bioremediation is used to describe the portion of
natural attenuation that is brought about by biological degradation mechanisms. Biological degradation
typically involves bacteria that occur naturally in the soil and groundwater. Under the right conditions

these bacteria can break down certain fuel hydrocarbons and certain chlorinated organic compounds.

The main mechanism for the biological breakdown of chlorinated organics is through reductive
dechlorination reactions. Under reductive dechlorination, a chlorinated organic compound such as carbon
tet 1s used as an electron acceptor, which causes the compound to gain a hydrogen atom at the expense of
a chlorine atom. The dechlorination of carbon tet would cause chloroform, methylene chloride and
chloromethane to sequentially form as chlorine is progressively removed from the original carbon tet

compound.

For biodegradation to occur there must be an electron acceptor, a source of carbon to serve as an electron
donor and a favorable environment in the aquifer for the metabolic reactions to take place. The [HSS
118.1 sampling program was designed to provide evidence that these processes are taking place.
Wiedemeier et al (1996) have developed a simple system for determining whether biodegradation is
occurring at a site based on applying scores to the chemical parameters discussed in this report. The

criteria used 1s summarized in Table 4.5. A score of 0 to 5 points is suggestive of inadequate
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evidence of biodegradation. A score of 6 to 14 suggests limited evidence of biodegradation, a score of 15

to 20 shows adequate evidence and scores above 20 show strong evidence of biodegradation.

4.3.2 Electron Donors

The process of natural attenuation that would degrade chlorinated organic compounds like carbon tet is
reductive dechlorination. Reductive dechlorination is the substitution of hydrogen for chlorine atoms
within the chlorinated organic compound, which causes it to progressively break down into daughter
products. This process requires that there be a source of electron donors, which is typically organic
carbon. Carbon can be utilized either as natural carbon in the aquifer, or can be acquired from the
breakdown of petroleum hydrocarbons. The following analyses were performed to determine available

electron donor activity at [HSS 118.1.

4.3.2.1 Semivolatile Organic Suite

The semivolatile organic suite was collected because of a perception that there had been a diesel spill in
the area of IHSS 118.1. Diesel by-products could supply the electron donors that are necessary for
reductive dechlorination of the carbon tet and breakdown products. Diesel fuel is composed of such
indicator compounds as napthalene, phenanthrene, anthracene, chrysene etc., as opposed to the BTEX
compounds (benzene, toluene, ethylbenzene and xylenes) which are common in gasoline. Based on the
data collected, there is no evidence of either diesel or gasoline indicator compounds in the vicinity of
IHSS 118.1. Therefore, it may be prudent to discontinue the semivolatile analyte suite after one more

round of sampling.

4.3.2.2 Total Organic Carbon and Dissolved Organic Carbon

Total organic carbon (TOC) and dissolved organic carbon (DOC) were collected to ascertain the
availability of carbon in the environment to serve as an energy source for reductive dechlorination.
Figure 4-10 shows that both DOC and TOC are within the 3-4 mg/L range. Wiedemeier et al (1996),
suggest that DOC above 20 mg/L assures that enough carbon is present to drive dechlorination.
Therefore the limited amount of carbon in groundwater may be retarding the rate of reductive
dechlorination at IHSS 118.1. With respect to further sampling, the Wiedemeier paper uses DOC as an
indicator parameter, but does not discuss TOC. Given the similarity in concentration, it is suggested that

only DOC be sampled after one more sample round.
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4.3.3 Electron Acceptors

In order to effect reductive dechlorination of chlorinated organic solvents, the solvents must be able to be
electron acceptors. This process occurs when there are sufficient electron donor sources present, the
proper chemical environment exists, and a lack of other electron acceptors that would compete with the

solvent compounds as electron acceptors.

4.3.3.1 Carbon Tetrachloride

Carbon tetrachloride is the dominant organic compound found in IHSS 118.1. If biodegradation is
occurring by reductive dechlorination, carbon tet would breakdown progressively to chloroform,
dichloromethane, chloromethane, and ultimately to carbon dioxide and water. If reductive dechlorination
was occurring, carbon tet would be seen to progressively decrease in concentration with time as the
breakdown products increased in concentration. Downgradient wells would also reflect an increase in
breakdown products relative to carbon tet. Figures 4-11 and 4-12 show the trends in carbon tet and
daughter species. The sample from the pipe outfall near 771 is also included. In Figure 4-11 carbon tet
can be seen to decrease 1n concentration from the source to downgradient well 18199. This would be
expected if biodegradation was occurring. However the trends in chloroform and chloromethane do not
increase in downgradient well 18199. Methylene chloride exhibits a similar behavior, but must be viewed
with caution because it is a common lab contaminant and some was reported in the lab blank. The data
suggest that there are daughter products from reductive dechlorination of carbon tet in the source area, but
increased breakdown downgradient of the source is not readily apparent. By looking at the ratio of
daughter products to carbon tet with time, a better indication of in-source biodegradation would be
obtained. Therefore, it is suggested that sampling for these compounds continue for a sufficient time
period to establish a rate of breakdown at the source. The Building 771 outfall locations described above
were also sampled for the VOC suite. Location 771-FDOUT2 shows a carbon tet concentration of 12
ug/L and a chloroform concentration of 23 ug/L. The outfall has a Ver§; low flow, which suggests that it
may be shut off. Because carbon tet and chloroform are the dominant components of the carbon tet
plume, it appears that some of the plume is being collected in the footing drain system. The other two

sample locations showed no significant VOC detections.
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4.3.3.2 Dissolved Oxygen

Dissolved oxygen is the favored electron acceptor used by bacteria for the biodegradation process.
Anaerobic bacteria cannot function af DO concentrations above .5 mg/L and hence, reductive
dechlorination cannot occur (Wiedemeier, et al, 1999). Figure 4-10 shows that upgradient DO
concentration at well 18799 is at 5.4 mg/L and decreases to .06 mg/L in source well 18499. DO
concentration rises again in downgradient well 18199. Taking the data at face value, it would appear that
DO levels are detrimental for anaerobic degradation of organic compounds except at the source. DO was
measured using a DO probe inside a flow-through cell at the well head. It could be that this method,
though far superior to those obtained from bailed water, may allow for some oxygenation of the
groundwater. Because DO is one of the most crucial measurements for determining the effects of
biodegradation, downhole probes have been acquired to ensure that a representative measurement is

obtained in future sample events.

4.3.3.3 Nitrate and Sulfate

Nitrate and sulfate were sampled because they, along with dissolved oxygen, can compete with
chlorinated solvents as electron acceptors. If high levels of nitrate and/or sulfate were to exist in the
groundwater in the vicinity of [HSS 118.1, the amount of reductive dechlorination of carbon tet and its by
products could be retarded. The graph on Figure 4-10 shows the values for nitrate along the three well
cross section at IHSS 118.1. The nitrate concentration in upgradient well 18799 is 2 mg/L. which is near
the RFETS background mean of 1.4 mg/L for Rocky Flats Alluvium (DOE, 1993b). In Figure 4-10,
nitrate concentration is seen to decrease at the source and then increase again in concentration away from
the source. This trend would be expected if biodegradation was occurring in the source area.
Wiedemeier et al, 1996 have a scoring system for determining the potential for biodegradation. They
suggest that a concentration of nitrate above 1 mg/L. may impact biodegradation of chlorinated organics.
Given the low concentration of nitrate in the vicinity of the IHSS (.05 mg/L at source well 18499), it
would seem that nitrate is being removed from the process locally, but that nitrate concentration is
perhaps impacting the biodegradation process away from the source. Because nitrate is a key indicator of

the efficacy of biodegradation on chlorinated solvents, continued sampling is advised.

The sulfate concentration in upgradient well 18799 is 46 mg/L, which is above the RFETS background
mean of 22 mg/L (DOE, 1993b). Figure 4-13 shows the concentration of sulfate dropping near source

well 18499, and then increasing in downgradient wells. This trend would be expected if biodegradation
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was occurring in the source area. Wiedemeier et al (1996) suggest that sulfate above 20 mg/L could

compete with the chlorinated solvents as an electron acceptor and thus retard the biodegradation process

‘of the latter. Given that sulfate was found at 22 mg/L in the source area and at higher levels away from

the source, it can be deduced that sulfate may be retarding the amount of biodegradation of carbon tet
occurring at [HSS 118.1. Because sulfate is a key indicator of the efficacy of biodegradation on

chlorinated solvents, continued sampling is advised.

4.3.4 Metabolic By-Products

The measurement of the metabolic by-products of biodegradation are valuable to determine the
predominant microbial and chemical processes that are occurring at IHSS 118.1. The following samples

were taken to help determine whether actual biodegradation 1s occurring.

4.3.4.1 Ferrous lron

Ferric iron (Fe III) is reduced to ferrous iron (Fell) during anaerobic biodegradation of organic
hydrocarbons. Therefore an increase in ferrous iron concentration in the source area can suggest the
amount of biodegradation that is occurring. Figure 4-10 shows that ferrous iron increases from 0.01 mg/L
in background well 18799 to 1.6 mg/L in source well 18499, then decreases to 0.10 mg/L in
downgradient well 18199. Wiedemeier et al (1996) believe that ferrous iron above 1 mg/L would allow
reductive dechlorination to take place. Therefore it appears that some reductive dechlorination is
occurring at the source. Because ferrous iron is a key indicator of the efficacy of biodegradation on

chlorinated solvents, continued sampling is advised.

4.3.4.2 Sulfide

The production of hydrogen sulfide occurs during sulfate reduction and verifies that sulfate is acting as an
electron acceptor during biodegradation. Figure 4-10 shows that sulfide 1s 0.02 mg/L in background well
18799 and does not change in concentration in the source and downgradient wells. Wiedemeier et al
(1996) believe that sulfide above 1 mg/L would allow reductive dechlorination to take place. These
results suggest that though sulfate is decreasing in concentration in the source area, the amount of
hydrogen sulfide generated is minimal. Because of the conflicting evidence for biodegradation given by
sulfate/sulfide analyses, and because sulfide is a key indicator of the efficacy of biodegradation on

chlorinated solvents, continued sampling is advised.
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4.3.4.3 Methane

The presence of methane in groundwater is indicative of strongly reducing conditions. Methane is
produced through the biodegradation of petroleum hydrocarbons, and where present in groundwater
containing chlorinated solvents, suggests that the chemistry of the groundwater is favorable for reductive
dechlorination. Figure 4-12 shows that methane increases from 0.003 mg/L to 0.20 mg/L in the source
area, then decreasing to 0.007 in downgradient well 18199. Wiedemeier et al (1996) believe that methane
above 0.1 mg/L would allow reductive dechlorination to take place. Methane values are fairly low
suggesting that there is little if any petroleum hydrocarbons present at [HSS 118.1. However, the increase
in methane production in the source relative to background suggests that some reductive dechlorination is
occurring. Because methane is a key indicator of the efficacy of biodegradation on chlorinated solvents,

continued sampling is advised.

4.3.4.4 Chloride

The presence of elevated concentrations of chloride in groundwater relative to background suggests that

biodegradation of organic solvents is taking place. This is because the replacement of hydrogen for
chlorine in the chemical structure of the chlorinated organic compound during reductive dechlorination
releases chlorine in the process. Figure 4-12 shows the concentrations of chloride seen in the vicinity of
IHSS 118.1. Chloride concentration is in the 65 mg/L range and does not change appreciably in the three
wells plotted, although side gradient well 18699 does show twice the concentration of chloride relative to
the other wells. The RFETS background mean concentrations for chloride in alluvial materials is 8 to 18
mg/L (DOE, 1993b). The Groundwater Geochemistry Report for RFETS (EG&G, 1995¢) shows that
chloride concentration increases from west to east at RFETS and that chloride concentrations in the
Industrial Area range from 25 to 100 mg/L. Given the lack of dramatic change in chloride concentration
at THSS 118.1 relative to both upgradient and downgradient wells and the surrounding Industrial Area, 1t
may be that only limited reductive dechlorination is occurring at the IHSS. Because chloride is a key
indicator of the efficacy of biodegradation on chlorinated solvents, and given the equivocal nature of

results, continued sampling is advised.

4.3.5 Conclusions and Recommendations

Based on the preliminary results, a number of conclusions can be made. There 1s evidence of
biodegradation at the IHSS 118.1 source. If the assumption is made that the breakdown products found at

IHSS 118.1 are not part of the original free product composition, then based on the scoring system
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discussed in Wiedemeier et al (1996), the source area rates a score of 18 (see Table 4-5). The upgradient
and downgradient wells rate a score of 3, which suggesfs that the environment of the aquifer away from
the source may be hostile to biodegradation. These scores are derived using data from the three wells
used for the cross section discussed above. Given the downgradient score with respect to biodegradation,
the decrease in composition of organic solvents away from the source must be partly attributed to physical
processes such as dilution and dispersion rather than strictly to biodegradation. These preliminary results
suggest that a significant reduction in carbon tet is occurring at the source. Additional monitoring will

help determine the rate at which biodegradation is occurring.

One of the footing drain outfalls shows low levels of carbon tet and chloroform that is probably
attributable to inflow of carbon tet plume groundwater into the footing drain system. Given the low
concentration of VOCs in outfall sample 771-FDOUT?2, and the very low flow from the outfall, there does

not appear to be a major contribution of VOCs to surface water.

The results of the follow-on sampling at IHSS 118.1 will be used to validate these preliminary findings
and can also be used to assess possible remedial strategies. The Groundwater program will be evaluating
the downgradient extent of VOC plumes in the Industrial Area in the future to determine potential impacts
to surface water. This information will be incorporated with data from IHSS 118.1 and other projects to

provide an integrated approach to groundwater management for the Site.

4.3.5.1 Sampling Recommendations

Based on the results obtained to date the following recommendations can be made with respect to future

sampling:

1. The present sampling suite should be maintained for the second round of sampling, to confirm the
results obtained in the first sampling event. After that point, it may be prudent to eliminate the
semivolatile organic suite and TOC sample. The semivolatile organic suite was collected to
determine whether there is evidence of fuel hydrocarbons that would aid in the breakdown of carbon
tet. If these compounds are not encountered in the second sampling round, the analyses can be
discontinued. TOC can be eliminated because only DOC is used in the scoring system for
determining the degree of biodegradation.

2. Efforts will be increased to assure the collection of representative DO measurements because it is a
critical parameter for determining whether biodegradation can succeed. Down-hole parameter probes
will be used for collecting DO in the next sample round.

3. The two Building 771 outfall locations should also be sampled again to confirm the initial results
obtained in the first round of sampling. In addition, a check will be made to see if the outfall with
detectable concentrations of VOCs is active or has been abandoned.
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5.0 BUILDING D&D

The DOE decontamination and decommissioning (D&D) process is the sequence of events that occurs in
the disposition of surplus DOE facilities. D&D is primarily concerned with decontamination,
dismantling, removal, or entombment of the surplus facilities. The primary tasks associated with D&D

are:

o  Surveillance and Maintenance
o Assessment and Characterization
e Environmental Review

e Close Out

Activities associated with these tasks involve the removal of fixed materials (including residual
constituents of concern), equipment, piping, tanks, ducts, ceilings and other internal building structures,
and the buildings themselves. In general, it is planned that D&D will be done in phases, allowing

alternative interim use of most buildings before the final decommissioning of the buildings (DOE 1994b).
Building specific D&D activities involve three major steps:

e Deactivation of Building Processes
* Demolition of Building Structures

» Remediation of Building Foundations and Surroundings

The IM/IRA for the TA outlines monitoring activities established to ensure that building D&D activities
do not inadvertently impact surface water by degrading groundwater beneath or in contact with the base
of the demolished buildings. The proposed groundwater monitoring will provide the data necessary to
determine if the precautions and actions taken during D&D have prevented or allowed migration of
contaminants to groundwater. If existing information regarding a proposed D&D activity indicates the
potential to contaminate groundwater, generally through a knowledge of historical building activity and
use, then a pre-D&D groundwater baseline will be established for that building. Exceedances are defined
as concentrations detected greater than the mean + 2 standard deviations above the baseline (K-H 1998b).
Monitoring will be accomplished by the installation of D&D monitoring wells immediately adjacent to
the specific building. These wells in conjunction with appropriately located existing wells will provide
the baseline data, and also be utilized for future D&D monitoring of the building specific impacts, if any,

on downgradient groundwater quahty.
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This is a new section to the Annual RFCA Groundwater Monitoring Report. It will be expanded during
cach successive year to include the D&D activities, as they pertain to groundwater, for that calendar year.
The following subsections discuss D&D activities during 1998 for Building 123; Buildings 444, 771, and
886; and Building 779.

5.1 Building 123

Building 123, used as a laboratory for bioassay, dosimetry, and water quality parameter analyses, was
located on Central Avenue between Third and Fourth Streets at RFETS. The building underwent D&D
activities, and was ultimately demolished in 1998. Subsequent to demolition, six monitoring wells
(10098-10598) were installed with a Geoprobe rig immediately adjacent to the building foundation. The
purpose of these wells was twofold. First, to assess the potential impact of D&D activities on local
groundwater quality and, second, to prepare an IHSS ranking for prioritizing the Building 123 site on the
ER ranking list. This report is only concerned with the potential impact of Building 123 D&D activities
on downgradient groundwater quality. Figure 5-1 presents the location of Building 123 and associated

D&D monitoring wells.

It has been determined, based on the IMP, that four sampling events are required to collect a data set to be
used for determination of a unique baseline for each building which will undergo D&D groundwater
monitoring. Unfortunately, the schedule for Building 123 D&D became accelerated and it was not
possible to collect the required amount of pre-demolition data to derive baseline values for the site. In
addition, there are not an appropriate number or distribution of existing monitoring wells in the vicinity of
Building 123 to sample for collection of baseline data (utilizing the previous three years sampling data) as
the IM/IRA suggests. Only one sampling round, post demolition, was accomplished at the Building 123
D&D monitoring wells during 1998. Depending on groundwater flow conditions at a specific building, it
may be possible to create a baseline even though the building has previously been demolished. If linear
flow velocities in the immediate vicinity of the building are relatively low, then contaminants potentially

mobilized by D&D may take a year or two to reach the D&D monitoring wells.

The results of the one sampling round completed at Building 123 during 1998 indicate that metals

analyses exhibited no results above Tier II action levels. There were no Tier I exceedances for VOCs and
radionuclide species. A few slight Tier II exceedances occurred for both VOCs and radionuclides. The
Tier I exceedances are listed below. Future interpretations will compare upgradient to downgradient

water quality instead of Tier levels.
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VOCs:
e Monttoring well 10498, sampled on 8/12/98, PCE result of 15 pg/L

Radionuclides:

e Monitoring well 10098, sampled on 8/10/98, uranium 233/234 result of 1.13 pCi/L and uranium 238
result of 1.08 pCi/L

e Monitoring well 10298, sampled on 8/11/98, uranium 233/234 result of 1.08 pCy/L and uranium 238
result of 1.10 pCi/LL

e Monitoring well 10498, sampled on 8/12/98, uranium 233/234 result of 1.41 pCi/L and uranium 238
result of 1.22 pCi/LL

During 1999, it is anticipated that enough additional analytical data will be available to construct a

groundwater chemistry baseline for Building 123.

5.2 Buildings 444, 771, and 886

The Sampling and Analysis Plan for the D&D monitoring of Buildings 444, 771, and 886 was initiated
during late 1998. It is anticipated that the SAP will be completed and approved by the State by July 1999,
and that the D&D monitoring wells associated with each building will be installed before the end of 1999.
Building 444 is currently scheduled for demolition in 2002. Building 771, including Buildings 771C and
774, is currently scheduled for demolition in 2003. Building 886 is currently scheduled for demolition in
2000. This will allow adequate time to construct a groundwater chemistry baseline for each building.

The 1999 Annual RFCA Groundwater Monitoring Report will include location maps for these buildings

with the final locations of the D&D monitoring wells associated with each site.

53  Building 779

Building 779, placed into service in 1979, housed minor production and plutonium recovery operations,
but was primarily a research and development facility. Some metal parts were assembled in this building
and bulk plutonium residues were recovered in the hydride operations (DOE 1992a). The building is
located in the PA approximately 200 feet south of the westernmost Solar Pond and is currently scheduled
for demolition in 2000. Three monitoring wells, 02297, 02397, and 02497 were installed with a
Geoprobe rig in 1997 to facilitate collection of a D&D monitoring baseline at Building 779. Figure 5-2

presents the building location and the associated D&D monitoring wells.
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It has been determined, based on the IMP, that four sampling events are required to collect a data set to be
used for determination of a unique baseline for each building which will undergo D&D groundwater
monitoring. There will be adequate time for collecting the appropriate amount of data and determining
the groundwater chemical baseline before the 2004 demolition date. No sampling rounds were completed
during 1997 at the Building 779 D&D monitoring wells. Sampling rounds were accomplished with
varying success at the Building 779 D&D monitoring wells during 1998. Not all monitoring wells
produced the same number of sampling rounds or amount of samples per round because the wells were
either dry or did not produce enough groundwater for full sample suites. Monitoring well 02297
produced enough groundwater in June for VOC analyses only. Monitoring well 02397 produced enough
water in March for VOCs only, and in November for VOCs, metals and nitrates. Monitoring well 02497

produced enough water in March and June for VOCs and nitrates only; in November for VOCs only.

The results of these 1998 samples indicated that there were no concentrations from any Building 779
D&D monitoring well above Tier I action levels. Wells 02297 and 02497 had no results above Tier II
action levels. The only result during 1998 above Tier II action levels was at monitoring well 02397, in

November, where nitrates analysis resulted in a concentration of 12 mg/L.
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6.0 GROUNDWATER CHARACTERIZATION ACTIVITIES

The following groundwater characterization activities were ongoing or were performed completely during
calendar year 1998. The projects were performed jointly between the Groundwater Operations group and
other ER groups at RFETS and are discussed here because of their pertinence to groundwater issues. The
following sections are condensed discussions of the various groundwater characterization activities
performed during 1998. Greater detail regarding each investigation may be obtained by reviewing the

referenced reports for each area, which are listed below and in Section 9.0, References.

6.1  Mound Plume/SWO059

The Mound Site consists of a former waste burial area where 1,405 drums containing uranium and
beryllium contaminated lathe coolant (a mixture of approximately 70% hydraulic o1l and 30% carbon
tetrachloride), tetrachloroethene (PCE), other VOCs, and low levels of plutonium were stored. The
drums, initially stored on the ground, were buried with soil between April 1954 and September 1958.

Ten percent of the drums were suspected to have leaked. In 1970, all of the drums were exhumed from
the Mound Site along with some radiologically contaminated soil. The Mound Site area has been
disturbed often, generally by construction projects, since the inttial source removal. Additional
radioactive soils were identified during these projects and removed at later dates. Recent investigations
have detected VOCs, primarily PCE, in subsurface soils at concentrations above the subsurface soil action

levels that require cleanup.

From the Mound Site, the ground surface slopes steeply downward, to the north, towards the incised
drainage of South Walnut Creek. The Mound Site groundwater plume is located north of Central Avenue
and east of the PA fence. The plume, comprised primarily of VOC contamination, discharges as seeps and
subsurface flow into the South Walnut Creek drainage in the vicinity of seep SW059. The VOC
contamination s found along a line of monitoring wells downgradient (north) of the Mound Site and
between the Mound Site and South Walnut Creek, indicating that the Mound Site is the primary source of

the plume. Figure 6-1 presents the location of the Mound Site Plume area.

An accelerated soil removal action was completed during the spring of 1997 to remove VOC
contaminated soils above the Tier I action levels from the Mound Site. Low temperature thermal

desorption was used to remove VOCs and treated soils were returned to the excavation. As part of this
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project, a permanent culvert was installed in the previously unlined Central Avenue Ditch, located

immediately upgradient of the source area, which contributed water to the Mound Site Plume.

A pre-remedial groundwater investigation was performed in March and April of 1997 to examine the
nature and extent of the Mound Site Plume adjacent to South Walnut Creek. The results of the
mvestigation indicate that the water level, and quantity of groundwater present, generally declines
towards the east and west margins of the plume. The most commonly detected VOCs from the source
area to the distal end of the plume are PCE and TCE. Other VOCs are present in the plume, mainly
towards the distal end, as degradation products of PCE and TCE (DOE, 1997¢). The goal of the
investigation was to provide the necessary information to support the design of an interception/collection

trench and the proper disposal of soil removed during construction of the interception/collection trench.

The Mound Site Plume project employs an innovative technology for the collection and treatment of
groundwater contaminated with chlorinated organic compounds and low levels of radionuclides. Work
performed during 1998 on this project consisted of the installation of the Mound Site Plume Treatment
System (MSPTS). The MSPTS is a passive subsurface groundwater treatment system consisting of
treatment cells containing zero valent iron; an impermeable barrier membrane constructed of high density
polyethylene (HDPE) to capture and redirect contaminated groundwater; an engineered permeable filter
media backfill, consisting of sand and pea gravel, and containing a 4-inch perforated HDPE pipe routed to
a central collection sump; and a barrier monitoring system (piezometers). Some of the barrier monitoring

system piezometers were installed during 1998; the remainder are scheduled for installation during 1999.

The system is designed to protect surface water by reducing mass loading consistent with RFCA action
levels. The zero valent iron, contained in two buried treatment cells, 1s used to remediate VOC and
radionuclide contaminated groundwater. After treatment, the water is discharged back to groundwater on
the downgradient side of the treatment system through a French drain (RMRS, 1999¢). During
construction of the treatment system, a buried drain pipe was discovered that was probably contributing

contaminated groundwater to the SW059 seep. The treatment system also collects this water.

Work scheduled for 1999 on this project consists of sampling and analysis of influent, treatment system

effluent, and barrier monitoring wells, in order to ascertain the effectiveness of the MSPTS.

6.2 Solar Evaporation Ponds Nitrate/Uranium Plume

The RFCA set a milestone of fiscal year 1999 for the implementation of a remedial action which would

control contaminated groundwater emanating from the Solar Evaporation Ponds, and prevent it from
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causing North Walnut Creek to have concentrations above its in-stream standards. The Solar Ponds
Plume (SPP) is an area of groundwater contamination which extends from the SEPs, located in the
northeastern portion of the PA, to the northeast towards North Walnut Creek and to the southeast towards
South Walnut Creek. The primary analytes of concern are nitrate/nitrite and various uranium isotopes;
however, other inorganic and organic compounds have also been identified at concentrations above the

Tier I action levels.

The SPP emanates from the SEPs. VOCs have been detected in monitoring wells located in the western
portion of the SEPs and south of the SEPs. The VOCs are thought to have originated from sources to the
west and southeast of the SEPs. Several metal analytes have also been detected in SPP monitoring wells

at concentrations above groundwater action levels. Figure 6-2 presents the site location.

The Interceptor Trench System (ITS) was constructed in 1971, and expanded in 1981, to dewater the
hillside and prevent the SPP from advancing downgradient to North Walnut Creek. The ITS traverses the
hillside to the north of the SEPs and collects surface water infiltration as well as alluvial groundwater;
however, the ITS does not collect groundwater from the weathered bedrock immediately below the
alluvium. Groundwater flowing through weathered bedrock may continue on towards North Walnut
Creek. Water collected by the ITS since 1993 has been stored in modular storage tanks prior to treatment
at Building 374.

As an initial phase in determining the appropriate remedial action for the SPP, RMRS began a study in
1997 to evaluate alternatives for the management and treatment of the water collected by the ITS. The
objective of the study was to determine a permanent remedy for the SPP. Final evaluation of the
altematives required a detailed characterization of the water quality in the alluvium and weathered
bedrock in the vicinity and downgradient of the SEPs (McLane Environmental, 1998). The 1998 field
activites associated with this study continued to collect the data necessary to complete a SEPs conceptual
hydrogeologic model and groundwater flow model, as well as evaluate the remaining feasible remedial
alternatives. Groundwater characterization work completed on this project in 1998 included collection
and analysis of groundwater samples from approximately ninety wells in the SEPs area including samples
outside the SPP from the North and South Walnut Creek areas and upgradient (background) areas. The
primary objective of the sampling was to determine the nature and extent of the SPP in the alluvium,
weathered bedrock, and competent bedrock during the low flow (late fall/early winter) and high flow

(spring) seasons.

November, 1999 164



\’\%

RF/RMRS-99-433.UN
1998 Annual Rocky Flats Cleanup Agreement
(RFCA) Groundwater Monitoring Report

The secondary objective was to evaluate the amount and distribution of uranium in the groundwater
associated with the SPP, and estimate what portion of it is attributable to past RFETS activities. Initially,
low flow samples (November 1997 through February 1998) from a combination of background, Walut
Creek drainage, and SPP wells were analyzed for uranium isotopes by alpha spectroscopy. Seven SPP
wells were resampled during the high flow season (April 1998). In addition to analysis by alpha
spectroscopy, four low flow samples and five high flow samples were subsequently sent to Las Alamos
National Laboratory (LANL) for analysis of uranium isotopes by high resolution, inductively coupled
plasma/mass spectroscopy (ICP/MS). The results of these analyses were used to calculate uranium
1sotope ratios, which can be used to differentiate between naturally occurring and anthropogenic uranium.
As a first step in analyzing the source of uranium in the SPP groundwater, the alpha spectroscopy data
was converted from isotope activity to isotope mass and the U-235 to U-238 ratios calculated. In
naturally occurring uranium the U-235 to U-238 mass ratio 1s 0.0072. The resulting ratios were very
inconsistent, and because the alpha spectroscopy data was determined not to have sufficient resolution for
determining uranium isotopic ratios, the samples described above were sent to LANL for analysis by
ICP/MS. The results of the ICP/MS analyses indicate that the uranium occurring in all background
samples is naturally occurring. In addition, it was determined that groundwater containing anthropogenic
uranium has not yet reached groundwater adjacent to North Walnut Creek (RMRS, 1999f). For additional
information regarding these analyses reference the Solar Ponds Plume Decision Document (RF/RMRS-

98-286.UN), (RMRS, 1999f).

In addition to groundwater sampling, four new monitoring wells were mstalled during 1998 to provide
additional groundwater data where needed. One well, 03498, was installed to the north of the SEPs and
three wells (03198, 03298, and 03398) were installed to the southeast of the SEPs (Plate 1). Monttoring

well 03198 was dry, but the other three wells contained sufficient water for sampling and analyses.

Based on the results of the above described study, undertaken during 1997 and 1998, the Solar Ponds
Plume Decision Document was prepared. The Decision Document outlines the remediation strategy,
treatment goals, applicable regulatory requirements, and implementation schedule to accomplish a long-
term and cost effective remedy for the groundwater collection, management, and treatment of the SPP. A
reactive barrier, consisting of a funnel system which will direct SPP groundwater to a treatment cell
containing zero-valence iron and a carbon source, was selected as the preferred remedial alternative. The
other alternatives described in the Decision Document were found to be ineffective in treating the

contaminants or did not achieve the long-term goals for the SPP and RFETS.
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The SPP is currently being managed and treated according to the IM/IRA (DOE, 1992b; and 1994b).
Activities scheduled for 1999 which are associated with the SPP include installation of the above
described treatment system. Groundwater activities completed during 1999 will be described in the 1999

RFCA Groundwater Annual Report.

6.3 B-Ponds/East Trenches Plume

The East Trenches Groundwater Plume is located north of Central Avenue and east of the east perimeter
road. This groundwater plume contains VOC contamination which is believed to originate from the East
Trenches and 903 Pad sites and extends northward to where the plume discharges as seeps and subsurface
flow into the South Walnut Creck drainage. Recent exceedances of the Tier I RFCA VOC groundwater
action levels in a designated Tier II well near South Walnut Creek, and recent detections of VOCs in the
B-ponds indicate that contaminated groundwater is reaching surface water at this location. Figure 6-3

presents the site location.

A large plume of contaminated groundwater is located in the East Trenches area. Most of the
groundwater contamination is believed to be derived from the trenches on the north side of the East
Access Road, which includes Trenches T-3 and T-4 (RMRS, 1996¢). Upgradient monitoring wells
indicate that a component of the contaminated groundwater in this area is derived from VOC
contamination emanating from the 903 Pad. However, the VOC concentrations in groundwater increase
by more than two orders of magnitude after the groundwater passes through Trenches T-3 and T-4, which

reflects previous release from the trenches.

Trenches T-3 and T-4 were used between 1964 and 1967 for disposal of sanitary sewage sludge
contaminated with low levels of uranium and plutonium, VOCs, crushed drums, and miscellaneous waste
(DOE 1992b). In 1996 these trenches were excavated as part of an accelerated source removal action.
Trench T-3, located approximately 300 feet north of the East Access Road and immediately west of
Trench T-4, was approximately 134 feet long, 20 feet wide, and 10 feet deep. Trench T-4 was
approximately 110 feet long, 15 feet wide, and 10 feet deep. The removed soil and debris were thermally
treated to remove the VOCs, which consisted primarily of carbon tetrachloride, TCE, and PCE. The
remediated soil, below Tier II action Ievels, was returned to the trench excavation and the area was
revegetated. The component of the East Trenches plume derived from the VOC contamination at the 903

Pad and Lip areas is associated with drums containing plutonium and uranium contaminated soils and
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solvents which were stored in the area from the summer of 1958 to January 1967 (RMRS, 1996d; 1997).

Pre-remedial investigations were conducted in the fall of 1997 and the spring of 1998 to determine the
extent and configuration of the distal end of the East Trenches plume near South Walnut Creek.
Additional characterization work was conducted in the spring of 1998 to collect sufficient data to design a
remedial action for the plume. A total of 32 Geoprobe boreholes were advanced with 25 temporary
monitoring wells installed. These wells, where they contained sufficient water, were monitored for water
table elevation and sampled for radioisotopes and VOCs. Soil samples were collected from several

boreholes and analyzed for VOCs and other analytes.

Groundwater flow in the vicinity of the East Trenches plume is to the north and northeast and discharges
primarily as seeps, springs, and baseflow to South Walnut Creck. This is particularly apparent where the
water bearing strata are incised by the creek. There is a spring and seep complex on the south bank of
South Walnut Creek, above ponds B-1 and B-2, where the Arapahoe No.1 Sandstone subcrops.
Concentrations of VOCs above Tier I action levels were detected at this location during 1998. The
presence of VOCs in the seep complex indicates that contaminants have reached South Walnut Creek.
The Arapahoe No. 1 Sandstone is present beneath the East Trenches source area and constitutes a
preferential groundwater flow pathway towards South Walnut Creek. This unit is continuous in the
subsurface from the East Trenches to the distal end of the East Trenches plume and much of the
groundwater flow and contaminant flux is through this material. In addition, contaminated groundwater
from the East Trenches plume directly discharges into the Valley Fill Alluvium underlying South Walnut
Creek. This deposit may also act as a preferential pathway for contaminated groundwater (RMRS,

1999g).

Work to be performed on this project during 1999 will be the installatioﬁ of a downgradient capture
system near South Walnut Creek to intercept contaminated groundwater. A subsurface groundwater
collection system coupled with a passive reactive metal treatment system will be utilized to treat VOC
contaminated groundwater from the East Trenches plume to below surface water action levels. The
downgradient capture system was chosen as the best remediation method, following an evaluation
including other more traditional options, because it effectively treats the existing VOCs to below action

levels at lower life cycle cost than other treatment options.

An impermeable barrier groundwater collection system will be keyed into the underlying claystone or low
permeability colluvium, depending on the elevation of the bedrock surface, and the collected groundwater
will be treated in a separate treatment system. A collection sump will be installed at the eastern end of the

collection system. The captured groundwater will then gravity flow out of the collection system into a
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series of cells containing reactive iron filings, which will remove the VOCs. The treated water is
expected to discharge to groundwater through an infiltration gallery, however, for added flexibility the
system will be designed to allow discharge directly to South Walnut Creek if necessary.

6.4 903 Pad/Ryan’s Pit Plume

The 903 Pad/Ryan’s Pit Plume is located directly south of the southeast corer of the PA and between the
903 Pad and Woman Creek at RFETS. Two sources, the 903 Pad and Ryan’s Pit, contribute to this plume
of contaminated groundwater. The primary analytes comprising the 903 Pad/Ryan’s Pit Plume are carbon
tetrachloride, TCE, and PCE. The nearest receiving streams for the plume are the South Interceptor Ditch
(SID), located approximately 150 feet north of Woman Creek, and Woman Creek. There was an agreed
upon 1999 compliance milestone for characterizing 903 Pad/Ryan’s Pit Plume groundwater to protect
surface water quality in Woman Creek. The Ryan’s Pit source removal began in September, 1995, with
the removal of contaminated soil. The soil was treated in February, 1996, and the project was completed
in August, 1996, with the replacement of treated soil. The 903 Pad source removal is scheduled for 2001.
Figure 6-4 presents the location of the 903 Pad/Ryan’s Pit Plume area.

The 903 Pad was utilized as a drum storage area from the summer of 1958 to January 1967. The drums
contained oils and VOCs contaminated with various radionuclides. Approximately 75 percent of the
drums contained plutontum contaminated liquids and most of the remaining drums contained uranium
contaminated liquids. Within the drums containing plutonium, the liquid was primarily lathe coolant and
carbon tetrachloride in varying amounts. Also stored in drums were hydraulic, vacuum pump, and
silicone oils; TCE; PCE; and acetone still bottoms. Leaking drums were observed in 1964 during routine
handling operations. The area was fenced to restrict access, and the contents of leaking drums were
transferred to new drums. When cleanup of the 903 Pad began in 1967, there were a total of 5,237 drums
at the storage site, approximately 420 of which had leaked to some degree. An estimated 50 drums had
leaked their entire contents. It was estimated that approximately 5,000 gallons of contaminated liquid,
containing about 86 grams of plutonium, had escaped to the subsurface. During 1968 and 1969, some of
the radiologically contaminated material was removed, the area regraded, and much of the area capped
with asphalt. Dense non-aqueous phase liquids (DNAPLs) are suspected to exist beneath the 903 Pad and

high concentrations of VOCs are present in groundwater beneath and downgradient of the site.
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Ryan’s Pit (previously known as Trench T-2) is located approximately 150 feet south of the 903 Pad and
was approximately 20 feet long, 10 feet wide, and 5 feet deep. The 1995 source removal took place
between September Sth and 12th. The excavation was 32 feet long, 18 feet wide, and varied in depth
from 5.5 to 8 feet. It was originally thought that Ryan’s Pit was used for disposal of sludge from the
sanitary wastewater treatment plant, as the East Trenches, which were filled from 1954 through 1968. An
extensive evaluation of aerial and low angle oblique photography, spanning the years of 1953 through
1971, indicated that Ryan’s Pit was not in existence until 1969 (DOE 1996b). Ryan’s Pit was used from
approximately 1969 to 1971 for the disposal of nonradioactive liquid chemical wastes. The wastes were .
primarily solvents (PCE, TCE, and carbon tetrachloride), paint thinners, diesel fuel, and other
construction related chemicals. However, wells downgradient of Ryan’s Pit are anomalous in uranium
233/234 and U238 (DOE 1997 B, Plates 17 and 21). Radiation screening of the wastes was performed
and if identified as nonradioactive, the liquids were dumped in the trench. Only liquids were put into the

pit; containers were either reused or disposed of in other areas (DOE 1992b).

In 1998, the RFETS program to characterize the 903 Pad/Ryan’s Pit plume was approved by the EPA and
the CDPHE. A field investigation was performed during 1998 to delineate the extent of groundwater
contamination in areas with potential impact to surface water at the distal end of the 903 Pad/Ryan’s Pit
plume. The investigation included the installation of 26 Geoprobe boreholes with six yielding enough
water for VOC sample collection. The results were used to develop preliminary recommendations
regarding the need for remedial action(s) to contain and/or treat contaminated groundwater from this
plume. The results (Figure 6-4) indicate that the extent of the 903 Pad/Ryan’s Pit plume adjacent to
Woman Creek 1s limited, that VOC concentrations within the plume are relatively low, and the ability of
the saturated colluvium and weathered claystone within the area of the groundwater plume to transmit
significant amounts of groundwater (and therefore a significant flux of contaminants) to the Woman
Creek drainage is limited. The contaminated groundwater plume is not affecting surface water quality,
and there was evidence of the occurrence of natural attenuation (RMRS, 199%h). Based on the results, it
was proposed that the preliminary remedial design consist of natural attenuation, which involves intrinsic
biodegradation coupled with physical loss mechanisms, as a groundwater evaluation strategy for the 903

Pad/Ryan’s Pit plume.

Work planned for 1999 on this project includes the installation of four permanent downgradient
monitoring wells to monitor VOCs. One of these wells will twin 1998 Geoprobe borehole 01298. The
other three will be downgradient of the 1998 Geoprobe boreholes and upgradient of the SID. These wells
will provide the necessary information to establish a trend in downgradient VOC concentrations.

Monitoring will initially be performed quarterly. If at any time the groundwater monitoring data indicates
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that the plume may cause surface water concentrations to exceed the established limits, then the remedial

design for the 903 Pad/Ryan’s Pit plume will have to be reevaluated.

6.5 903 Pad

As stated previously in Section 6.4, the 903 Pad was utilized as a drum storage area from the summer of
1958 to January 1967. The drums contained oils and VOCs contaminated with various radionuclides.
Also stored in drums were hydraulic, vacuum pump, and silicone oils. Leaking drums were observed in
1964 during routine handling operations. When cleanup of the 903 Pad began in 1967, there were a total
of 5,237 drums at the storage site, approximately 420 of which had leaked to some degree. It was
estimated that approximately 5,000 gallons of contaminated liquid, containing about 86 grams of
plutonium, had escaped to the subsurface. VOCs have impacted groundwater as a result of the leaking
drums. DNAPLSs are suspected to exist beneath the 903 Pad and high concentrations of VOCs are present

in groundwater beneath and downgradient of the site. Figure 6-5 presents the site location.

A field mvestigation took place during 1998 (and continued into 1999) at the 903 Pad, 903 Lip Area, and
Americium Zone, which are located in the Buffer Zone Operable Unit (OU). The purpose of the
investigation was to estimate the volume of soil exceeding the RFCA Action Level Framework (ALF)
Tier I soil action levels or other action levels identified as being protective of surface water for
radionuclides in surface soils and VOCs in the subsurface (RMRS 1998d). This discussion will focus on
the portion of the investigation associated with the 903 Pad and the VOC contamination associated with
the 903 Pad. The portion of the investigation which encompasses the 903 Lip Area and the Americium
Zone deal with radiological contamination which spread from the 903 Pad to the 903 Lip Area by wind
and rain and to the Americium Zone primarily by wind dispersion. This airborne contamination has had

little or no impact on groundwater.

Work completed during 1998 on the 903 Pad VOC investigation, that are pertinent to this discussion,
consisted of the drilling and sampling of eight soil boreholes. The boreholes, which were advanced with
a Geoprobe rig, varied in depth from 16 to 22 feet below ground surface and were sampled as composites.
The results of these samples will be available in the RMRS 903 Pad Characterization Report to be

released in 1999. No new monitoring wells were installed during the investigation of the 903 Pad.

Two existing monitoring wells, 06691 and 08891, both located on the 903 Pad, were sampled on June 10,
1998, in support of the 903 Pad VOC investigation. The results of these samples indicate that high
concentrations of VOCs exist beneath the 903 Pad at both locations. Monttoring well 06691, located in
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the west central portion of the 903 Pad, had results of 85,000 and 9,400 ng/L for carbon tetrachloride and
PCE, respectively. These concentrations are almost double for carbon tetrachloride and almost four times
greater for PCE than from the previous sampling event, which took place on July 20, 1994. The
concentration of TCE decreased from 2500 pg/L in 1994 to 180 pg/L during the 1998 sampling round.
Methylene chloride had a 1998 result of 29,000 pg/L in monitoring well 06691. The 1998 data has not
been validated yet, which may be pertinent in the case of methylene chloride, a common laboratory
artifact. Methylene chloride contamination is known at well 06691, with validated concentrations as high
as 24,000 pg/L observed in November 1992. Monitoring well 08891, located in the northeast quarter of
the 903 Pad, was previously sampled on June 19, 1995. The concentration of carbon tetrachloride
decreased from 5500 to 5300 pg/L from 1995 to 1998. The concentration of PCE increased from 16,000
to 27,000 pg/L from 19>95 to 1998. Methylene chloride, which had historically been non-detect at
monitoring well 08891, exhibited a result (not validated) of 11,000 pg/L in 1998. The concentration of
TCE at monitoring well 0889 1decreased from 2,100 to 1,300 pg/L from 1995 to 1998.

Methylene chloride is a natural degradation product of carbon tetrachloride. The 903 Pad is situated such
that groundwater flow tends to bifurcate from beneath the pad with a component of flow trending
northeast and another component trending southeast. It is possible that the methylene chloride observed

in 1998 at monitoring well 06691 is spreading northeast (and possibly impacting monitoring well 08891)

‘and southeast.

During 1999, nine additional Geoprobe boreholes will be completed as part of the 903 Pad VOC
investigation. Four new monitoring wells will be installed during 1999 on the 903 Pad which will twin
existing wells that have Pu/Am detections. This work 1s associated with the Actinide Migration Project.
The Site Characterization Report for the 903 Pad will be completed in 1999,

6.6 T-1 Trench Excavation

The T-1 trench is located approximately 40 feet south of the southeast corner of the PA fence at RFETS.
The site is also known as IHSS 108. Before its excavation, the trench was anticipated to be

approximately 200 feet long, 15 to 20 feet wide, and 10 feet deep. Figure 6-6 presents the location of the
T-1 trench. Historical documentation indicates that depleted uranium metal chips, derived from lathe and
machine turnings, and originating from Building 444 were packed in drums with lathe coolant and buried
in the west end and possibly the east end of the T-1 trench. It was suspected that as many as 125 drums of

this material were buried in the trench. In addition, it was suspected that ten drums of cemented cyanide
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. and one drum of still bottoms, consisting of recovered waste solvents or evaporated lathe coolant sludge,

were buried in the trench along with an unknown amount of assorted debris. Drums buried in the trench
were covered with one to two fect of soil. The trench was filled intermittently from November 1954 to
December 1962. Weed cutting activities in the fall of 1982 revealed two drums which were no longer
adequately backfilled. Samples of the liquids and sludges in the drums yielded low levels of plutonium
and uranium (potentially enriched). Since the discovery of the drums, numerous site investigations have
been conducted along with historical aerial photograph review, a detailed record search, and employee

interviews to evaluate the area and to determine the potential contaminants present, (RMRS, 1998¢).

The geology of the area surrounding the T-1 trench consists of Rocky Flats Alluvium overlying
weathered, predominantly claystone, bedrock of the Arapahoe Formation. In the trench area proper, one
or two feet of fill material overlic anywhere from 8-13 feet of alluvium. The alluvium consists of lenses
of poorly sorted clayey and silty sand and gravel interbedded with clay and silt lenses. Groundwater in
the vicinity of the T-1 trench seasonally varies in depth from approximately 10 to 22 feet below ground
surface. In May 1995, a period with abnormally high precipitation, groundwater was measured within six
feet of the ground surface. It is likely that groundwater had, on occasion, reached the base of the trench

and possibly come into contact with buried drums.

The T-1 trench excavation was éompleted from June 10 through August 20, 1998. The actual
measurements of the excavation were not recorded. Prior to excavation a large, freestanding, temporary
structure was constructed over the trench. This tent allowed for the excavation, inerting, and stockpiling
of soil and waste regardless of weather conditions. One hundred seventy one drums or containers were
removed from the trench during the excavation activities. Other than drum carcasses very little debris
was encountered. Results of the sidewall and excavation floor verification samples indicate that all
criteria in the Final Proposed Action Memorandum for the Source Removal at Trench 1, IHSS 108 were
met. For radionuclides and cyanide, subsurface soils were cleaned up to below Tier I action levels; for

VOC’s, subsurface soils were cleaned up to below Tier I action levels (RMRS, 19991).

The T-1 trench may have possibly been a contributor to the contaminated groundwater that comprises the
Mound Plume. As such, any groundwater contamination resulting from the leaching of the T-1 trench

waste would be remediated by the now operating Mound Site Plume Treatment System (see Section 6.1).

Work to be performed on the project during 1999 will consist of removal of the T-1 trench tent structure

in March and April, with final site reclamation to be completed by September 1999.
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7.0 OTHER GROUNDWATER PROGRAM ACTIVITIES

7.1 Well Control Program

The Well Control Program (WCP) establishes the administrative guidelines for the installation of all new
monitoring wells and piezometers at RFETS. The procedures which comprise the WCP will be
implemented through the Water Operations Division; more specifically Groundwater Operations. The
WCP was mtegrally designed to assure compliance with the procedures for monitoring well installations
at RFETS and the complete documentation of all pertinent data relative to all monitoring wells installed at
RFETS. It also assures compliance with the regulations set forth by the State of Colorado, Office of the
State Engineer, State Board of Examiners of Water Well Construction and Pump Installation Contractors,
in 2 CCR 402-2, Revised and Amended Rules and Regulations of the Board of Examiners of Water Well
Construction and Pump Installation Contractors. The WCP also provides guidance to the organization or
individual responsible for installation of the monitoring well(s) or piezometer(s) regarding the interface

between the WCP and applicable RFETS soil disturbance procedures.

A Well Control Program was originally placed in effect by EG&G on June 1, 1995. After one year the
original WCP expired and was not reinstated. The new WCP described in this section will be adopted in
1999. The new procedure document number is 1-K92-RFP-94-001, Revision 1.

The WCP has come back into existence because Groundwater Operations has been formally identified as
the party ultimately responsible for well installation documentation. The purpose of the WCP program is
threefold. First, to protect groundwater at RFETS from improper drilling and well installation
procedures, and to ensure that each installation receives a unique well name. Second, to ensure that all
permitting activities required by the State of Colorado are complied with. Third, to create a central
repository for data collection and management with respect to all data generated from the installation and

sampling of new monitoring wells and piezometers.

7.2 Real Time Groundwater Monitoring Network

As a requirement of the RFETS Integrated Monitoring Plan, a real time water level monitoring network
was established for the UHSU during 1998. The network consists of twenty-five monitoring wells
outfitted with In-Situ Inc., Model SP4000, Troll® data logging systems. The twenty-five monitoring
locations were chosen for the program based on surface location, historical groundwater occurrence at
each location, stratigraphic completion interval, and well construction details. The network provides for

simultaneous measurement of groundwater levels at all locations. The goals of the real time groundwater
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monitoring network are to provide ample, concurrent, water level measurements for environmentally or
hydrogeologically sensitive areas of RFETS, such as beneath and downgradient of the IA, and along
stream channels to the north, south, and east of the IA. This data, when used alone or in conjunction with
similarly collected surface water data, will allow a greater understanding of the effects of precipitation

and surface water infiltration events on the UHSU.

The Troll is a compact downhole instrument that contains a data logger, temperature sensor, pressure
transducer, and battery in a self-contained watertight umt. It measures and records temperature and
temperature-corrected water level and allows for unattended long-term monitoring. It is programmed and
downloaded with a portable computer. In-Situ Inc.’s Win-Situ® software allows the user to communicate
with the Trolls in order to program a variety of short-term tests, a long-term monitoring scheme (such as

1s currently being implemented at RFETS), or to download data.

The real time groundwater monitoring network was activated with the initial twenty five monitoring
stations on Wednesday, June 17, 1998. At this time all of the Trolls are programmed to measure the
water level in each well every four hours; twelve A M., four A M., eight A M., twelve P.M., four PM,
and eight P.M. As shown on Plate 11 and Figure 7-1, monitoring wells utilized for the real time
groundwater monitoring network are located to provide sitewide coverage with concentration in the IA
and immediately east of the IA. In addition, locations were chosen to monitor water levels in colluvial,
alluvial, and weathered bedrock (pediment surface) deposits within the UHSU. The arrangement of
Trolls throughout RFETS will allow observation, simultaneously across the site, of the impact of a
precipitation infiltration event on the UHSU. The location of the Trolls within the various sedimentary
depositional environments and weathered bedrock which comprise the UHSU will allow for a better
understanding of the relationship between groundwater and surface water at various locations around

RFETS.

The monitoring wells currently included in the real time groundwater monitoring network are 1086, 3686,
4786, 5586, 6886, 0187, 1487, P114889, P115489, P119389, P209889, P213689, P415889, P416589,
B200589, B210489, 03791, 05191, 20691, 20991, 37591, 77492, 05293, 10794, and 51494,

There are certain wells where incomplete or very little data exists from the startup date of approximately
June 17, 1998, through the end of calendar year 1998. Monitoring wells 20991 and 4786 had the Trolls
initially installed under a water column of greater than 34.5 feet. This exceeded the 15 pounds per square
inch (ps1) rating of the Trolls. This was remedied by raising the Trolls in the wells so that the water

column did not exceed the 15 psi rating. These are the only two wells in the real time groundwater
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monitoring system that could be affected by this phenomenon. In addition, there were a few monitoring
wells for which data or partial data was inadvertently lost in the field because of operator error while
learning to operate the Trolls, or upon downloading the Trolls. Because of these errors, there is no 1998

data for real time groundwater monitoring stations 4786, 51494, and 6886.

Data collected from the real time groundwater-monitoring network has been analyzed for the period of
June 17 through December 31, 1998, for presentation in this 1998 Groundwater Monitoring RFCA
Annual Report. Plate 11 presents the monitoring locations with a hydrograph of the groundwater level
data collected from that station. Superimposed on the hydrograph is precipitation data from the particular
surface water station at RFETS that is closest to the individual real time groundwater monitoring station.
The hydrographs and precipitation data imply that responses to precipitation events are varied across
RFETS. The following are general observations from the first one-half year of real time groundwater

monitoring data:

Wells in or immediately adjacent to creek beds generally exhibit an almost immediate response to
precipitation events. This includes wells B210489, 3686, and 6886. Well 10794, downstream of the
A-Ponds, appears to be the exception. This well appears to only show responses to discharges from

Pond A-4.

Wells east and southeast of the IA (1487, 05191, 03791, and 20991) generally exhibit baseflow
conditions with little or no response to individual precipitation events. These wells show a relatively
smooth decline in water level during the last six months of 1998. Well 20691, located just southeast of
the southeast corner of the PA, exhibits this general trend but does have precipitation events
superimposed on the baseflow in a subtle manner. This well is screened in a buried paleochannel and that

may account for its sensitivity.

Wells in the IA (including the PA), of which there are 11 with Trolls, generally exhibit a response time to
precipitation events of approximately a few days to up to ten days. One exception to this is well
P114889, located just southeast of the southwest corner of the PA, which exhibits a general decline in
baseflow with no precipitation events superimposed on it. It is situated between two wells with Trolls,
P119389 and P115489, which exhibit a marked response to precipitation events. Another exception is
well P209889, located on the hillside just north of the SEPs, which exhibits a baseflow decline with only

Very minor precipitation response.

Well 0187, located on the hillside just southwest of Building 881, shows the greatest and most immediate

response of any well, other than those in drainages, to a precipitation event.
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Well 1086, located immediately upgradient of the Present Landfill, exhibits an approximately one-week

response time to precipitation events superimposed on baseflow.

The series of wells trending from the southwest to the northeast in the buffer zone north of the 1A is
expected to exhibit natural flow conditions along the high pediment surface without the effects of the
plant site. These wells include 4786 and B200589, as well as 11494, 1190, and B200889 which will be
added to the network during 1999. Wells 51494 and 5586 probably exhibit the same sort of background
baseflow to which plant site wells can be compared. This may allow for a better understanding of the

plant site’s affect on an individual well’s response to recharge or dewatering events.

The 1999 Annual RFCA Groundwater Monitoring Report will present one and a half years of
groundwater and precipitation data on the hydrographs. More than a full yearly cycle will be displayed

allowing for more complete analysis and discussion.

The following monitoring wells are scheduled to have Trolls installed in them and be added to the real
time groundwater monitoring network during 1999: 0186, 3986, 1587, 4287, P414189, B200889, 1190,
and 11494 (Figure 7-1). In addition, during 1999 all real time groundwater-monitoring stations will be

brought into compliance for year 2000,

7.3 Well Abandonment and Installation

Figure 7-2 presents the locations of all 1998 monitoring well installations and abandonments.

During 1998 there were 67 monitoring wells installed at RFETS. Of'the 67 wells, 61 were installed for
the purpose of plume characterization, and six were installed as part of Building 123 D&D activities. All
of these monitoring wells were installed with a Geoprobe to monitor the UHSU. Following is a listing of

1998 monitoring well installations by area:

o Monitoring wells 00198 — 02298 were installed as part of the 903 Pad/Ryan’s Pit Plume
characterization project.

e Monitoring wells 02398 — 02898, 03598, 03698, and 03998 — 04298 were installed as part of the East
Trenches/B-Ponds characterization project.

e Monitoring wells 03198 — 03498 were installed as part of the Solar Ponds Plume study.
o Monitoring wells 10098 — 10598 were installed to monitor Building 123 D&D activities.
e Monitoring wells 20098 — 22298 were installed to monitor the North Industrial Area Plume.
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During 1998 there were 35 monitoring wells abandoned at RFETS. The wells were abandoned because
they were located in areas where treatment systems were going to be constructed or site remediation was

taking place. Following is a list of 1998 well abandonments by area:

o Monitoring wells 10297 — 11297, 11497, 11597, and 11797 were abandoned as part of the
construction activities associated with the SW059/Mound Site Plume treatment system.

e  Monitoring wells 22597 — 23997, 24197 — 24497, and 25097 were abandoned as part of the
construction activities associated with the B-Ponds/East Trenches Plume treatment system.

o Monitoring well 2387 was abandoned because of its proximity to the T-1 Trench excavation.
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8.0 CONCLUSIONS AND FUTURE ACTIVITIES

The groundwater program experienced a number of improvements during 1998 and set projects in
motion which will be accomplished in 1999. The following conclusions can be made with respect to the

groundwater program based on the detailed discussions found elsewhere in the report.

Data collection and data quality for groundwater samples collected in 1998 have improved in the areas of
data validation and verification. Much of this information was readily available and could be included in
the data quality assessment section. Though the validation and verification percentages are not at the

required levels the results show that only a small percentage of the analytical data is rejected. In addition,

procedural improvements have been made in 1999 that will help collect more samples from wells that

- have low recharge. This will be done by timing visits based on an approximate recharge rate rather than a

set time period.

The implementation of the real time monitoring network will also improve the understanding of the

nature of recharge at RFETS and will potentially shed light on discharge and flow rates.

With respect to groundwater reporting, changes have been made to this years Annual RFCA Groundwater
Monitoring Report based on input from the regulatory community. This report tried to focus on data
evaluation as opposed to data presentation. Individual wells have been discussed more completely and
the results of groundwater evaluations have been expanded. The actual data used in the annual report will
be provided in the RFCA Quarterly reports and not reproduced here. The RFCA Quarterly reports have

stayed the same except for some changes in the format of the report.

The Building D&D monitoring program was expanded with the addition of the Building 123 monitoring
network. D&D monitoring for Bldg. 444, 886 and 771 will be implemented in 1999.

The largest programmatic improvement for groundwater has been in the characterization and
quantification of groundwater plume nature and extent. Evaluation of the East Trenches Plume resulted
mn a remedial strategy involving the construction of a passive VOC treatment system which will be
installed in 1999. The Solar Ponds nitrate/uranium plume also received additional characterization and
modeling of contaminant fluxes. This has also resulted in a remedial decision to construct a groundwater

treatment system m 1999.

Characterization activities were also initiated for the Ryan’s Pit/903 Pad Plume with installation of a line

of temporary wells and estimation of plume flux to Woman Creek. A natural attenuation project will be
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implemented in 1999 to determine whether contaminants are naturally degrading prior to impacting

surface water.

Groundwater evaluation of the northern end of the Industrial Area plume has revealed significant
contamination that may be reaching surface water from both the IA plume, and the carbon tetrachloride
plume, which has IHSS 118.1 as its source. A natural attenuation study was also implemented for the
IHSS 118.1 source area. Future groundwater evaluations will involve establishment of the eastern extent

of the IA plume and investigating natural attenuation at the PU&D Yard Plume.

Given the large amount of new data with respect to the nature and extent of groundwater contamination at
RFETS, a review of the groundwater monitoring network will be done in FY00. It is anticipated that
some minor changes will be made to the monitoring based on this evaluation. Specific areas of review
would include the north IA, the Present Landfill, and the Ryan’s Pit source area which have shown

evidence of increased extent or concentrations of contaminants.
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DRAFT
Appendix A

A

Dry or
Location Date Ley:tfer:)m vg:/ra';ii\fl Technically Dry 22:::
TOC (ft.) (ft.) (W.L. below | o\ ation
- scrn)

00191 1/14/98] 18.81 | 5951.63 5845.44
00191 4/6/98| 9.35 5961.09 5945.44
00197 4/7/98| 5.81 5921.69 5918.10
00197 5/13/98| 6.10 5921.40 5918.10
00197 7/1/98| 9.34 5918.16 5918.10
00197 10/6/98; 8.78 5918.72 5918.10
00293 1/12/88| 25.02 | 6027.42 6004.44
00293 2/3/98| 25.21 6027.23 6004.44
00293 3/2/98] 25.24 | 6027.20 6004.44
00293| 4/10/98! 24.09 | 6028.35 6004.44
00293 5/5/98!1 20.39 6032.05 6004.44
00293 6/1/98| 19.49 | 6032.95 6004.44
00293 7/9/98] 20.87 ! 6031.57 6004.44
00293! 8/3/98] 21.66 6030.78 | | 6004.44
00293 9/3/98! 22.15 | 6030.29 | 6004.44
00293| 10/5/98| 22.83 ' 6029.61 | 6004.44
00293 11/2/98| 23.42 | 6029.02 | 6004.44
00293 12/7/98| 24.34 | 6028.10 6004.44
00297 1/7/98, 11.01 | 5963.91 | X 5966.62
002971 2/5/98| 10.98 | 5963.94 ! X . 5966.62
00297! 3/3/981 11.11 : 5963.81 | X | 5966.62
00297 4/8/98| 10.06 | 5964.86 X i 5966.62
00297 7/7/98! 9.65 . 5965.27 | X 5966.62
00297/ 10/7/981 9.49 = 5965.43 | X 5966.62
00391! 1/14/98! 4.28 5918.12 | . 5900.60
003911 4/6/981 1.98 5920.42 ! i 5900.60
00397| 4/7/98 11.00 ; 5927.03 X i 5929.03
00397| 5/8/981 11.41 | 5926.62 X 1 5929.03
003971 7/1/98| ; DRY : 5929.03
00397 10/6/98] DRY 5929.03
00491 1/8/98| 12.85 | 5892.12 5887.47
00491] 4/9/98| 9.78 | 5895.19 | 5887.47
00597| 1/7/98; 10.92 | 5973.61 | ' 5863.63
00597 4/7/98) 5.35 | 5979.18 - 5963.63
00597 5/8/98] 562 | 5978.91 5963.63
00597 7/1/98] 9.97 5974.56 5963.63
00597| 10/5/98] 12.03 | 5972.50 | 5963.63
00697 1/13/98 ; DRY 5968.04
00697 4/9/98 ! DRY 5968.04
00697 7/1/98 DRY 5968.04
00697| 10/6/98/ 11.66 | 5964.38 X 5968.04
00797 1/13/98! 23.49 5917.51 : 5914.20
00797 2/9/98| 22.00 | 5919.00 5914.20
00797 3/2/98! 27.72 5913.28 X 5914.20
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00797]  4/9/98| 24.78 | 5916.22 | | 5914.20
00797!  7/2/98] 18.70 | 5922.30 | 5914.20
00797! 10/8/98| 21.87 | 5919.13 5914.20
00891 1/8/98 DRY 5852.05
00891 2/9/98 DRY 5852.05
00891 3/3/98 DRY  5852.05
008911  4/9/98 DRY | 5852.05
00891/  5/5/98 DRY 5852.05
00891 6/5/98 DRY @ 5852.05
00891  7/1/98 DRY  5852.05
00891]  8/4/98 DRY | 5852.05
00897|  4/8/98] 16.78 | 5950.82 - 5939.10
00897!  7/8/98| 19.56 | 5948.04 5939.10
00897 10/5/98] 21.87 | 5945.73 5939.10
00997!  1/5/98] 5.80 | 5796.10 5791.50
00997!  2/5/98] 582 | 5796.08 5791.50
00997]  3/3/98/ 5.82 | 5796.08 | - 5791.50
00997! 4/13/98] 519 = 5796.71 ° - 5791.50
00997|  5/5/98] 4.49 = 5797.41 | 5791.50
00997  6/2/98] 4.87 . 5797.03 | . 5791.50
00997 7/1/98] 569 | 5796.21 . 5791.50
00997  8/4/98] 11.02 | 5790.88 | X ' 5791.50
00997  9/3/98) 6.08 « 5795.82 |  5791.50
00997: 10/6/98! 5.97 ' 5795.93 | | 5791.50
00997 11/4/98! 592 = 5795.98 | . 5791.50
00997  12/3/98! 5.88 . 5796.02 - 5791.50
01097  5/8/981 11.74 @ 6017.26 | - 5989.20
01197 1/16/98] 1324 | 6002.04 | | 5987.28
01197/  5/8/98] 6.84 = 6008.44 - 5987.28
01291  1/8/98! 17.08 | 5835.77 ! X ~ 5839.55
01291,  4/9/98! 17.07 = 5835.78 X ~ 5839.55
01291, 10/6/98] 13.70 = 5839.15 X . 5839.55
01297,  5/8/98! 221 . 6013.89 | | 5982.10
013911  1/7/98| 10.72 | 5964.58 ' 5961.30
013911  2/9/98] 10.75 | 5964.55 5961.30
01391  3/5/98] 11.08 | 5964.22 5961.30
01391/  4/1/98] 10.51 . 5964.79 5961.30
01391 5/6/98| 9.81 | 5965.49 5961.30
01391 6/3/98| 10.04 ' 5965.26 5961.30
01391}  7/1/98] 10.39 | 5964.91 5961.30
01391 8/4/98| 10.65 | 5964.65 5961.30
01391 9/8/98/ 11.03 | 5964.27 5961.30
013911 10/5/98| 11.39 | 5963.91 5961.30
01391! 11/5/98 11.62 | 5963.68 5961.30
013911 12/7/98] 11.36 | 5963.94 5961.30
01397|  5/8/98/ 1.31 | 6005.63 5984.74
01497  5/8/98] 3.97 | 5999.93 5980.80
01597|  5/8/98/ 4.50 | 6001.86 5976.76
01697/  5/8/98] 17.11 | 5981.85 5970.76
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01797]  5/8/98] 15.71 | 5981.29 5975.00
0186  1/5/98] 9.45 | 5619.87 5619.12
0186  2/9/98] 9.19 | 5620.13 5619.12
0186]  3/3/98] 8.99 | 5620.33 5619.12
0186] 4/13/98] 851  5620.81 5619.12
0186|  5/4/98] 8.95 | 5620.37 5619.12
0186]  6/4/98] 9.71 | 5619.61 5619.12
0186|  7/2/98] 10.71 | 5618.61 X 5619.12
0186]  8/4/98| 11.96 | 5617.36 X 5619.12
0186/  9/1/98] 12.31 . 5617.01 X 5619.12
0186] 10/8/98 DRY 5619.12
0186] 11/3/98 | DRY 5619.12
0186| 12/4/98] 9.94 | 5619.38 5619.12
0187  1/6/98] 9.79 | 5984.29 5982.28
0187] 3/12/98] 10.71 = 5983.37 5982.28
0187]  4/8/98] 6.91 | 5987.17 5982.28
01871  5/7/98] 7.22 = 5986.86 | 5982.28
0187!  6/3/98] 856 598552 5982.28
0187/ 6/18/98] 9.00 @ 5985.08 | 5982.28
0187/ 7/8/98] 9.68 . 5984.40 | '5982.28
01897]  5/8/98] 10.06 = 5980.44 | ' 5967.70
01901 1/12/98/ 36.00 & 6009.88 | 600138
0190]  2/4/98] 36.00 @ 6009.88 | | 6001.38
0190]  3/4/98] 36.64 | 6009.24 | 6001.38
0190/ 4/10/98] 31.30 | 6014.58 | '6001.38
0190/  5/5/98] 2513 = 6020.75 | 6001.38
0190,  6/1/98] 27.88 & 6018.00 | 76001.38
0190]  7/9/98] 32.25 @ 6013.63 | 76001.38
0190/  8/3/98] 33.67 6012.21 ' 6001.38
01901 9/3/98] 34.64  6011.24 | . 6001.38
0190/ 10/5/98] 3561 6010.27 : 6001.38
0190/ 11/2/98] 36.22 | 6009.66 6001.38
0190 12/2/98] 36.77  6009.11 6001.38
01997 5/8/98] 7.66 & 597824 | '5973.90
02097,  5/8/98] 3.72 | 5972.03 | " 5963.85
02197 4/7/98] 534  5955.36 | 594980
02197] 5/8/98] 603 | 595467 5949.80
02197]  7/1/98| 10.81 = 5949.89 | " 5949.80
02197 10/6/98] 12.82 | 5947.88 | X © 5949.80
02297] 1/12/98] 12.20 | 5966.45 X 5966.65
02297]  2/5/98] 1225 | 5966.40 X " 5966.65
02297]  3/3/98] 12.37 | 5966.28 X 5966.65
02297  4/8/98] 1143 | 5967.22 5966.65
022971 7/7/98] 1222 | 5966.43 X 5966.65
02297| 10/7/98] 12.43 | 5966.22 | X 5966.65
02397] 1/12/98] 1053 | 5976.28 | 5975.81
02397]  2/5/98] 11.31 | 597550 | X 5975.81
02397|  3/3/98 DRY 5975.81
02397  4/8/98] 9.06 | 5977.75 5975.81
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02397]  7/7/98] 11.46 | 5975.35 X | 5975.81
02397 10/7/98] 11.42 | 5975.39 X 5975.81
02497, 1/12/98| 871 ' 5970.71 5968.42
02497| 2/5/98| 8.85 ' 5970.57 5968.42 |
02497  3/3/98 ; DRY 5968.42
02497| 4/8/98] 594 @ 5973.48 5968.42
02497,  7/7/98] 811  5971.31 5968.42
02497| 10/7/98] 9.31 @ 5970.11 5968 .42
02591, 1/16/98| 43.33 | 5882.01 5876.24
02591 5/11/98] 39.24 | 5886.10 5876.24
02691 2/19/98| 10.33 | 5926.05 5920.38
02691 3/11/98] 10.15 | 5926.23 5920.38
02691  4/2/98| 7.82 | 5928.56 | 5920.38
02691 5/6/98| 671 | 5929.67 5920.38
02691/ 6/5/98] 7.15 | 5929.23 5920.38
02697/  1/6/98] 24.57 | 5893.33 | 5891.80
026971  2/9/98] 2459 | 5893.31 | ~ 1'5891.80
© 02697]  3/4/98] 24.68 @ 5893.22 . 5891.80 |
02697 4/1/98] 24.16 589374 | ' 5891.80
~ 02697]  5/7/98] 21.72 ' 5896.18 | | 5891.80
02697!  7/2/98! 2157 = 5896.33 | | 5891.80 |
02697| 10/12/98] 22.70 589520 | ' 5891.80
T 02797]  1/6/98! 37.62  5893.90 | | 5890.12
02797 2/9/98] 37.67 5893.85 | | 5890.12
02797  3/4/98] 37.77 5893.75 | | 5890.12
02797  4/1/98) 37.81 = 5893.71 | | 5890.12
02797  5/7/98] 35.07 = 5896.45 | 589012
027971  7/6/98 34.01 = 5897.51 | | 5890.12
027971 10/12/98! 3547  5896.05 | ' 5890.12
02897/  1/6/98] 36.57 @ 5893.18 | ' 5892.95 |
02897/  2/9/98! 36.62 - 5893.13 ! ' 5892.95
02897  3/4/98] 36.73 . 5893.02 | - 589295 |
02897 4/1/98] 3675 5893.00 | - 5892.95
02897|  5/7/98] 3449 ' 5895.26 | 5892 95
02897  7/6/98] 33.49 | 5896.26 | | 5892.95
02897! 10/12/98] 34.81 . 5894.94 | 5892.95
0290 1/12/98 47.27 ' 6003.38 5993.15
] 0290]  2/4/98| 47.22 = 6003.43 5993.15
0290]  3/4/98] 47.37 | 6003.28 5993.15 |
0290/ 4/10/98! 46.79 | 6003.86 | 599315
0290/  5/5/98] 42.80 | 6007.85 | 599315 |
0290]  6/1/98] 41.78 | 6008.87 5993.15
[ 02901  7/9/98| 43.47 | 6007.18 5993.15
0290]  8/3/98] 44.34 | 6006.31 599315
0290  9/3/98] 45.04 | 6005.61 5993.15
0290, 10/5/98| 4567 @ 6004.98 | 5993.15
0290/ 11/2/98] 4603 @ 6004.62 | | 5993.15
0290] 12/2/98| 46.43 | 6004.22 | 5993.15
03191 1/13/98] 20.18 | 5931.84 5930.82
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03191]  4/1/98] 18.36 | 5933.66 5930.82
03191] 5/11/98] 16.10 | 5935.92 5930.82 .
031911 10/12/98! 20.14 | 5931.88 | 5930.82
03198]  3/3/98| 4.50 | 5925.00 | 5917.50
03198]  4/8/98] 0.83 | 5928.67 5917.50
03198]  5/6/98] 1.96 | 5927.54 5917.50
03198]  6/5/98] 4.40 | 5925.10 5917.50
03298]  3/3/98] 18.31 | 5930.19 | 5923.50
03298  4/8/98] 14.91 | 5933.59 | ' 5923.50
03298|  5/6/98] 15.38 | 5933.12 | | 5923.50
03298  6/5/98| 16.90 | 5931.60 | 5923.50
03398/  3/5/98] 11.90 | 5915.60 | | 5908.50
03398|  4/8/98] 9.34 | 5918.16 | . 5908.50
03398/  5/7/98] 10.16 | 5917.34 | 5908.50
03398]  6/5/98] 11.07 | 5916.43 | | 5908.50
03498 3/4/98| : i DRY | 587850
03498/  4/9/98| | DRY 587850
03498  5/7/981 14.75 | 5879.75 - 5878.50
03498/  6/5/98! 13.86  5880.64 | ' 5878.50
03591] 5/11/98! 18.18 | 5932.62 5920.70
036911 1/13/98] 33.46 , 5900.97 . 5894.43
03691] 5/11/98] 34.75 | 5899.68 | . 5894.43
037911 1/13/98i 37.91 | 5900.33 | 5890.24
03791/ 3/11/98! 38.47 & 5899.77 ' 5890.24

"~ 03791]  4/1/98] 3820 | 5900.04 | | 5890.24 | .
03791]  5/5/98] 34.33 | 5903.91 ' 1 5890.24
03791]  6/4/98] 33.69 | 5904.55 | 5890.24
037911 6/17/98] 3426 | 5903.98 | | 5890.24
037911 7/2/98] 3515 | 5903.09 © 5890.24
0386/  1/5/98i 17.11 | 5660.75 ! - 5654.16
0386/  2/9/98] 17.18 | 5660.68 | | 5654.16
0386]  3/3/98/ 17.18 | 5660.68  5654.16
0386] 4/13/98] 16.41 | 5661.45 | | 5654.16
0386/  5/4/98/ 15.49 | 5662.37 | | 5654.16
0386  6/4/98] 14.83 | 5663.03 : | 5654.16 |
0386]  7/2/98| 14.85 | 5663.01 | 5654.16
0386]  8/4/98] 15.31 | 5662.55 | | 5654.16
0386  9/2/98] 1546 | 5662.40 | 5654.16 |
0386/ 10/8/98] 15.72 | 5662.14 | 5654.16
0386 11/3/98] 15.38 | 5662.48 ! 5654.16
0386 12/4/98] 15.95 | 5661.91 | | 5654.16
0390  1/8/98| 55.98 | 6023.15 6014.13
0390  2/3/98] 56.04 | 6023.09 | 6014.13
0390|  3/2/98] 55.98 | 6023.15 | 6014.13
0390] 4/10/98] 55.95 | 6023.18 | | 6014.13
0390  5/5/98] 54.33 | 6024.80 | 6014.13
0390/  6/1/98, 52.79 | 6026.34 | 6014.13
0390  7/8/98] 52.50 | 6026.63 | 6014.13
0390]  8/3/98] 52.80 | 6026.33 | 1'6014.13 ‘
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0390]  9/3/98] 52.85 & 6026.28 6014.13
0390 10/5/98] 53.18 | 6025.95 6014.13
0390/ 11/2/98] 53.28 | 6025.85 6014.13
0390] 12/7/98] 53.93 | 6025.20 6014.13
03991  1/8/98] 34.83 | 5902.04 5899.47
03991  4/1/98] 3550 | 5901.37 5899.47
03991] 5/11/98] 28.42 | 5908.45 5899.47
03991)  7/2/98| 30.63 | 5906.24 5899.47
03991/ 10/12/98] 34.46 | 5902.41 5899.47
04091|  1/8/98] 37.40 | 5892.74 X 5894.14
04091/  4/1/98] 37.52 | 5892.62 X 5894.14
04091/ 5/11/98| 36.42 | 5893.72 | X 5894.14
04091 10/12/98] 37.29 | 5892.85 X | 5894.14
04191/ 1/14/98] 17.89 | 5938.10 X | 5939.89
04191:  4/6/98] 18.06 | 5938.93 | X 5939.89
04591| 1/14/98) 44.78 | 5905.47 | X 5906.15
04501|  4/6/98] 44.87 = 5905.38 | X 5906.15
045911  7/6/98! 42.90 | 5907.35 | | 5906.15
0487|  2/9/98] 8.08 © 5903.50 5892.08
© 0487'  3/2/98] 855 . 5903.03 | | 5892.08
0487'  4/9/98] 426 590732 | 5892.08 |
 0487)  5/5/98] 440  5007.18 | 5892.08
0487  6/1/98] 570 | 5905.88 | 5892.08
0487  7/2/98] 750 | 5904.08 | 5892.08
~ 0487'  8/4/98] 898 = 5902.60 | | 5892.08
0487 9/8/98] 1019 = 5901.39 | 5892.08
0487 10/8/98] 11.31 = 5900.27 | | 5892.08 |
0487 11/3/98] 11.78 | 5899.80 | ~ 5892.08
~0487] 12/1/98] 11.95 ' 5899.63  5892.08
04991 1/15/98] 41.31 | 589732 . X | 5898.33 |
04991/ 4/13/98/ 4128 | 5897.35 @ X - 5898.33
04991 7/2/98 36.09 | 5902.54 | - 5898.33 |
04991 10/6/98] 37.58 @ 5901.05 | | 5898.33
05091 1/15/98i 42.99 | 5896.25 | | 5895.24
05091/ 4/13/98] 43.02 | 5896.22 | | 5895.24
05091  7/2/98] 37.88 | 5901.36 | 5895.24
05091/ 10/6/98] 39.77 = 5899.47 | | 5895.24
05093 2/10/98] 9.84 | 5955.70 | | 5955.04
05191/ 6/16/98] 38.31 | 5901.54 | | 5893.85
05191|  7/6/98] 38.59 | 5901.26 | 5893.85
05193/  1/6/98] 9.71 | 5960.87 | 5959.18
05193/  2/5/98| 8.93 | 5961.65 | | 5959.18 |
05193| 2/16/98/ 9.06 | 5961.52 5959.18
051931  3/3/98] 9.23 | 596135 5959.18
05193]  4/2/98) 7.22 | 5963.36 5959.18
05193|  5/6/98] 7.11 | 5963.47 5959.18
05193] 6/2/98] 7.86 | 5962.72 5950.18
05193/ - 7/7/98] 9.99 | 5960.59 5959.18
05193/ 8/5/98] 11.15 | 5959.43 5959.18
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05193]  9/2/98] 11.67 | 5958.91 X 5959.18
05193] 10/7/98] 12.34 | 5958.24 X 5959.18
05193 11/2/98] 12.60 | 5957.98 X 5959.18
05193] 12/1/98] 12.60 | 5957.98 X 5959.18
05197] 1/27/98] 7.46 | 5979.24 5958.70
05291! 1/14/98] 36.71 | 5906.29 X 5907.90
05291!  4/6/98] 36.80 | 5906.20 X 5907.90
052931 1/12/98] 7.68 | 597543 | 5975.41
05293]  2/5/98] 7.85 | 5975.26 X 5975.41
05293]  3/3/98] 8.18 | 5974.93 X 5975.41
05293!  4/8/98] 6.60 | 5976.51 5975.41
05293/  5/6/98] 7.11 | 5976.00 5975.41
05293  6/2/98] 815 | 5974.96 X 5975.41
05293 6/17/98] 8.23 | 5974.88 X 5975.41
05293]  7/7/98] 9.16 | 5973.95 | X 5975.41
053911  1/8/98] 34.44 | 5907.23 | 5906.57
053911 4/1/98] 34.30 @ 5907.37 |  5906.57
05391 5/11/98] 26.34 | 5915.33 | 5906.57
05391 7/2/98] 31.06 = 5910.61 | 5906.57
05391 10/12/98] 34.60 | 5907.07 5906.57
05393 2/11/98] 18.91 . 5950.78 5947.59
05397 1/27/98] 852 597913 | 5962.85
05497 1/27/98] 654  5979.36 | | 5963.50
05691 4/1/98] 28.37 | 5920.62 | 1'5913.89
05691 5/11/98] 13.02 . 5935.97 | 5913.89
05691  7/2/98] 21.42 . 5927.57 " 5913.89
05691 10/12/981 28.12 | 5920.87 5913.89
05697  1/27/98 6.86 . 5978.94 | | 5967.00
058971 1/27/98! 6.77 . 5890.78 | | 5875.25 |
059971 1/27/98 7.40 . 5979.30 | © 5964.30
06091 1/6/98] 36.94 = 5894.66 | 5890.90
06091/  2/9/98] 37.04 | 5894.56 5890.90
06091  3/4/98] 37.18 | 5894.42 5890.90
06091/  4/1/981 37.16 | 5894.44 5890.90
06091|  5/5/98] 3427 & 5897.33 5890.90
06091/  6/4/98] 32.61 | 5898.99 | 5890.90
060911  7/2/98] 32.61 | 5898.99 5890.90
06091/  8/4/98] 33.24 | 5898.36 '5890.90
06091  9/1/98] 33.63 | 5897.97 | 5890.90
060911 10/12/98] 34.46 | 5897.14 5890.90
06091] 11/4/98] 34.90 | 5896.70 5890.90
06091| 12/7/98] 3552 | 5896.08 5890.90
06191]  1/6/98] 3358 | 5887.14 X 5888.62
06191  4/1/98] 33.85 | 5886.87 X 5888.62
06191] 10/12/98] 31.86 | 5888.86 5888.62
06291,  1/6/98) 27.66 | 5871.62 5866.38 |
06291]  2/9/98] 26.96 | 5872.32 5866.38
06291/  3/4/98] 26.77 | 5872.51 5866.38
06291  4/1/98] 26.85 | 5872.43 | 5866.38
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06291 5/4/98] 26.02 | 5873.26 5866.38
‘ 06291|  6/4/98] 25.25 | 5874.03 5866.38
06291]  8/4/98] 24.14 | 5875.14 5866.38
06291 9/1/98| 24.07 | 5875.21 5866.38
06291| 10/12/98) 24.27 & 5875.01 5866.38
06291] 11/4/98| 24.34 | 5874.94 5866.38
06291 12/7/98] 24.41 | 5874.87 5866.38
06391 1/6/98| | DRY 5882.57
06491 1/15/98| 14.40 | 5658.85 5657.35
06491] 4/13/98] 16.76 | 5656.49 X 5657.35
06491  7/2/98] 11.05 | 5662.20 5657.35
06491 10/8/98| 12.53 | 5660.72 5657.35
06991| 1/14/98] 18.48 | 5956.09 5945 57
06991/  4/6/98] 9.85 | 5964.72 5945.57
07291| 1/14/98| 20.68 | 5958.12 X 5958.20
07291  2/2/98| 20.86 | 5957.94 X 5958.20
072911 3/2/98] 21.01 | 5957.79 X . 5958.20
07291 4/6/981 17.12 = 5961.68 - 5958.20
07291 5/6/981 1528  5963.52 - 5958.20
07291  6/8/98] 18.31 ' 5960.49 | ' 5958.20
07291 7/6/98| 20.16 | 5958.64 | 5958.20
07291] 8/10/98| 20.62 @ 5958.18 | X 595820
07291/  9/8/98] 20.79 ' 5958.01 | X 1'5958.20
072911 11/4/981 21.10 = 5957.70 | X 15958.20

© 07291 12/4/98] 2117 | 5957.63 | X ' 5958.20
‘ 073911  1/8/98] 7.65 - 5942.96 | © 5939.21
07391  4/9/98] 565 . 5944.96 | ' 5939.21
073911  7/6/98] 7.96 = 5942.65 | 1 5939.21
07391, 10/6/98] 890 . 5941.71 | 5939.21
08091  1/14/98 ‘ - DRY | 5933.21
08091/  4/6/98] - DRY 593321
080911  7/6/98] 15.67  5933.84 | - 5933.21
0990]  1/5/98] 4.84 607864 | - 6048.48
0990| 2/4/98] 516 & 6078.32 ! . 6048.48
0990 3/2/98] 6.31 . 6077.17 6048.48
0990]  4/1/98] 3.04 | 6080.44 6048.48
0990 5/4/98] 2.10 | 6081.38 . 6048.48
0990|  6/1/98] 2.93 . 6080.55 | 6048.48
0990 7/1/98] 510 | 6078.38 | 6048.48
0990 8/3/98] 564 | 6077.84 | 6048.48
0990 9/1/98] 6.15 | 6077.33 6048.48
0990| 10/6/98] 6.71 | 6076.77 6048.48
0990/ 11/3/98] 6.75 | 6076.73 6048.48
0990 12/1/98] 6.98 = 6076.50 6048.48
10092 1/13/98 DRY 5881.67
10098] 9/17/98] 5.98 | 6029.52 6026.80
10098| 10/5/98| 6.34 | 6029.16 6026.80
10194| 1/15/98| 38.64 | 5901.74 | 5899.58
. 10194]  4/9/98] 38.51 | 5901.87 | | 5899.58
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10194]  7/6/98] 35.66 | 5904.72 | 5899.58
10198| 9/17/98] 4.57 | 6030.93 6022.40
10198 10/5/98] 4.89 | 6030.61 6022.40
10292]  1/13/98 DRY | 5902.76
10294|  1/5/98] 4.09 | 5602.11 5591.60
10294 4/13/98] 3.01 | 5603.19 5591.60
10294|  7/2/98] 362 | 5602.58 5591.60
10294] 10/8/98] 3.06 | 5603.14 5591.60
10298 9/17/98] 4.71 | 6024.69 | 6013.80
10298 10/5/98] 5.23 | 6024.17 | 6013.80
10392 1/13/98] DRY | 5906.85
10394|  1/5/98] 472 | 5628.41 | 5624.93
10394 4/13/98] 4.65 | 5628.48 5624.93
10394  7/2/98 DRY | 5624.93
10394| 10/8/98 DRY 5624.93
| 10398 9/17/98| 535 | 6025.15 | 6019.40
10398 10/5/98] 566 | 6024.84 | | 6019.40
10492| 1/13/98] 30.37 | 5902.44 | 5902.51
10498] 9/17/98] 562  6026.88 | | 6020.60
10498/ 10/5/98] 519 ' 6027.31 | ' 6020.60
10592 1/13/98] 22.60 | 5915.33 | 1'5913.93
10592  4/7/981 17.20 | 5920.73 | ' 5913.93
10592 7/2/98] 19.76 | 591817 | | 5913.93
10592 10/8/98] 14.80 & 5923.13 | 15913.93
10594 1/12/98] 850 . 5812.45 | X . 5813.05
10594 2/19/98] 853 | 5812.42 X 5813.05
10594]  4/7/98] 3.37 _ 5817.58 | | 5613.05
10594 10/6/98] 10.53 | 5810.42 | X 5813.05
10598 9/17/98] 4.97 = 6028.43 | | 6025.30 |
10598] 10/5/98] 3.77  6029.63 | . 6025.30
10692/ 1/13/98] 441  5939.19 | | 5924.20
 10692]  4/7/98] 353 _ 5940.07 | 5924.20
10692  7/2/98] 469  5938.91 | | 5924.20
10692 10/8/98] 6.04 = 5937.56 | 5924.20
10694] 1/12/98] 589  5754.34 X ' 5754.53
10694 2/19/98] 594 | 5754.29 X 5754.53
10694  4/7/98] 512 | 5755.11 | 5754.53
10694 10/6/98] 6.92 | 5753.31 X | 575453
10792]  1/13/98] 23.74 | 5893.36 X 5894.70
10792]  4/7/98] 21.74 | 5895.36 | 5894.70
10792/ 7/2/98] 23.04 | 5894.06 | X 5894.70
10792  10/8/98] 23.61 | 5893.49 | X 5894.70 |
10794  1/5/98] 6.78 | 5691.73 X 5694.01
10794 2/5/98] 6.76 | 5691.75 X 5694.01
10794  3/4/98] 6.78 | 5691.73 X 5694.01
| 10794]  4/1/98] 545 | 5693.06 X 5694.01 |
10794  5/5/98] 5.82 | 5692.69 X 5694.01
10794  6/2/98] 595 | 5692.56 X 5694.01
10794 6/17/98] 6.77 | 5691.74 | X 5694.01
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10794]  7/1/98] 6.80 | 5691.71 X | 5694.01
‘ 1086]  1/7/98] 9.11 | 5989.08 5974.39
1086] 2/5/98] 9.55 | 5988.64 1597439

1086/  3/5/98] 10.78 | 5987.41 5974.39
1086/  4/7/98] 2.58 | 5995.61 5974.39
1086/  5/5/98] 2.50 | 5995.69 5974.39

] 1086] 6/2/98] 5.06 ; 5993.13 | 5974.39
1086 6/18/98] 6.24 | 5991.95 5974.39
1086]  7/1/98] 7.64 | 5990.55 5974.39
1087]  1/16/98 1 | DRY 5971.52 |

1087  4/9/98] . DRY 5971.52

1087| 10/6/98] | DRY 5971.52
10892  1/13/98 DRY | 5905.80

| 10894]  1/5/98] 570 | 5663.21 | | 5660.91
10894| 4/13/98] 4.20 | 5664.71 5660.91
10894] 10/8/98] 6.30 | 5662.61 | 5660.91
1090/  5/8/98] 11.53 | 597533 | 5956.86
10991 1/15/98] 44.16 = 5897.48 5890.64
10992 1/13/98] 29.77 | 5868.79 | X - 5869.16
~ 10992]  4/9/98| 26.60 | 5871.96 | | 5869.16
10992|  7/2/98| 2372 | 5874.84 | 5869.16
10992 10/8/98! 29.93 | 5868.63 | X | 5869.16
10994!  1/13/98/ 16.00 : 590148 | 5900.28
10994]  4/9/98! 1495 | 5902.53 | ' 5800.28
109941 5/18/98! 15.30 | 5902.18 . 5900.28
. 109941 7/1/981 15.87 | 5901.61 - 5900.28
~10994. 10/6/98! 16.52 | 5900.96 | | 5900.28
11092, 1/13/98! 22.44 | 5872.87 | X 5876.31
© 11092 4/9/98! 22.42 . 5872.89 | X '~ 5876.31
11092!  7/2/98) 22.41 | 5872.90 | X | 5876.31 |
©11092] 10/8/98: 21.91 & 5873.40 X | 5876.31 |
11094/ 5/14/98' 6.76 . 590561 | - 5905.57
11204  1/7/98! 20.33 ' 6153.17 | 6097.30

~ 11294{  2/4/98i 20.07 | 6153.43 | _6097.30
11294  3/2/98! 20.30 | 6153.20 | | 6097.30
11294 4/10/98] 19.05 | 6154.45 | 6097.30
11294|  5/5/98] 17.32 | 6156.18 | 6097.30
11294  6/1/98] 17.19 | 6156.31 | 6097.30
11294|  7/2/98, 18.35 | 6155.15 | | 6097.30
11294  8/3/98] 19.33 | 6154.17 | 6097.30
11294]  9/2/98] 19.90 | 6153.60 | 6097.30
11294 10/1/98| 2059 | 6152.91 | 6097.30
11294]  11/2/98] 2118 | 615232 | 6097.30
11294 12/7/98] 22.01 | 6151.49 | 6097.30
11494  1/7/98] 19.19 | 6167.44 | 6119.63
11494|  2/4/98| 1894 @ 6167.69 | 6119.63
11494 3/2/98] 19.39 | 6167.24 6119.63
11494]  4/10/98| 17.98 | 6168.65 | 6119.63
‘ 11494|  5/5/98| 16.81 | 6169.82 | 6119.63
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114941 6/1/98] 16.65 | 6169.98 6119.63
11494/ 7/2/98| 17.37 | 6169.26 6119.63 ‘
11494/ 8/3/98/ 17.95 | 6168.68 | 6119.63
114941 9/2/98| 18.43 | 6168.20 6119.63
11494 10/1/98| 18.95 | 6167.68 6119.63
11494 11/2/98{ 19.52 | 6167.11 6119.63
11494] 12/7/98] 20.20 | 6166.43 6119.63
11594 1/7/98] 59.92 | 6056.41 6052.73
11594 2/4/98! 59.22 | 6057.11 | 6052.73
11594 3/2/98| 5898 | 6057.35 : 6052.73
11594 4/10/98] 59.31 | 6057.02 6052.73
11594 5/5/98| 56.75 | 6059.58 6052.73
11594| 6/1/98! 52.31 | 6064.02 | 6052.73
11594 7/2/98! 54.87 | 6061.46 6052.73
11594 8/3/98| 57.22 | 6059.11 6052.73
11594 9/2/98] 58.29 | 6058.04 | 6052.73
11594] 10/1/98] 58.91 | 6057.42 | ! 6052.73
115941 11/2/98| 59.25 | 6057.08 . 6052.73
115941 12/7/98! 59.59 | 6056.74 | 6052.73
11691° 1/13/98] 33.43 = 5906.48 | | 5906.41
11691: 1/13/98! 33.43 | 5906.48 | ' 5906.41

|

11891 1/13/981 x
11691; 5/11/98! 30.76 ! 5909.15 | ' 5906.41

|

1187/  1/8/98] 1859 5896.53 | 1 5894.82
11891 4/1/98] 2369 | 5923.75 | 5919.44
11891, 5/11/98] 20.42 = 5927.02 | . 5919.44
11891 7/2/98] 2335 | 5924.09 | . 5919.44
11891 10/8/98] 2587 @ 5921.57 | 5919.44
1190/ 1/12/98] 1856 | 5982.52 | 597178
] 1190/ 2/3/98] 1852 5982.56 | . 5971.78
11901 4/10/98] 9.47 599161 | 5971.78
1190/  5/8/98] 803 . 5993.05 7597178
1190/ 6/5/98] 13.63 = 5987.45 | 5971.78
1190/  7/8/98] 16.04 & 5985.04 ' 5971.78
1190]  8/3/98] 17.01 | 5984.07 | 5971.78
1190/  9/3/98] 17.93 | 5983.15 | . 5971.78
1190/ 10/5/98] 18.75 | 5982.33 | 5971.78
1190 11/2/98] 19.23 | 5981.85 | 1597178
1190 12/7/98] 19.53 | 5981.55 | 5971.78
120941 1/12/98| 578 | 5757.29 575307
121911 4/1/98] 23.50 | 5934.69 592519
12191]  7/9/98] 19.66 | 5938.53 592519 |
12391 5/11/98] 47.20 | 589450 587330
124917 1/13/98] 27.61 | 5920.74 | 5888.35
126911 1/13/98] 31.60 | 5919.48 5887.98
126911 4/1/98| 3229 | 5918.79 5887.98
12691] 5/11/98] 20.76 | 5930.32 5887.98
126911 7/2/98] 24.99 | 5926.09 5887.08
12691/ 10/12/98| 31.88 | 5919.20 5887.98
1290/ 1/12/98] 24.76 | 5990.11 | 5979.87 |
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1290] 4/10/98] 17.17 | 5997.70 5979.87
1290 5/8/98| 12.54 | 6002.33 5979.87
1290/ 10/5/98] 24.48 | 5990.39 5979.87
13091, 1/14/98] 19.77 | 5955.43 5953.90
13091 4/6/981 13.25 | 5961.95 5953.90
13391 1/6/98] 38.32 | 5887.03 5886.35
13391| 4/13/98| 38.12 | 5887.23 5886.35
13391 5/11/98] 37.40 | 5887.95 5886.35
13391 10/12/98] 37.73 | 5887.62 5886.35
13491 1/8/98] 21.23 | 5942.19 | 5934.42
13491 4/1/98| 19.50 | 5943.92 5934.42
13491] 10/12/98| 22.95 | 5940.47 5934.42
13591 1/14/98 } DRY | 5951.55
13591 4/6/98] 17.16 | 5950.39 X 5951.55
1386) 1/12/98] 526 | 5837.33 | 5833.09
1386] 2/5/98| 531 , 5837.28 5833.09 |
13861  3/5/98| 5.34  5837.25 5833.09
13861  4/7/981 4.02  5838.57 ! ' 5833.09
13861  5/5/98] 4.18 | 5838.41 © 5833.09
1386/  6/2/98] 545 @ 5837.14 | . 5833.09
1386]  8/4/98] 7.66 = 5834.93 - 5833.09
1386/  9/1/98/ 9.31  5833.28 | ' 5833.09
1386/ 10/6/98| 6.04 @ 5836.55 ' 5833.09
1386/ 11/3/98] 561 = 5836.98 . 5833.09
1386/ 12/3/98] 548  5837.11 | - 5833.09
1390/ 1/12/98] 28.93 | 5991.69 | ' 5981.62
1390/ 4/10/98] 23.04 @ 5997.58 | - 5981.62
1390/  5/8/98] 17.57 & 6003.05 ' 598162 |
1390/ 10/5/98/ 28.41 = 5992.21 .  5981.62
1486! 2/18/98! 9.82 ' 5836.89 5791.31 |
1486 3/11/981 9.93 . 5836.78 ° © 5791.31
1486]  4/9/98| 10.06 | 5836.65 5791.31
1486 5/6/981 10.03 | 5836.68 . 5791.31
1486 6/5/981 10.26 | 5836.45 | - 5791.31
1486/  7/1/98] 619 | 5840.52 | . 5791.31
1487 1/8/98| 14.77 | 5841.79 - 1'5832.46
1487| 6/18/98| 13.24 | 5843.32 5832.46
1487 7/1/98] 13.53 | 5843.03 | - 5832.46
1490| 1/12/98| 53.80 | 6017.48 | . 6011.78
1490 2/4/98] 53.61 | 6017.67 6011.78
1490 3/4/98] 53.66 | 6017.62 6011.78
1490/ 4/10/98] 53.60 | 6017.68 6011.78
1490 5/5/98] 50.19 | 6021.09 6011.78
1490 6/1/981 48.13 | 6023.15 6011.78
1490 7/9/98| 4895 | 6022.33 | 6011.78
1490 8/3/98] 49.69 | 6021.59 6011.78
1490 9/3/98] 50.21 | 6021.07 6011.78
1490| 10/5/98| 50.92 | 6020.36 6011.78
1490/ 11/2/98] 51.36 | 6019.92 6011.78
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1490 12/2/98| 51.92 | 6019.36 6011.78
1586| 1/12/98| 6.78 | 5843.85 5836.23
1586/ 2/18/98| 6.83 | 5843.80 5836.23
1586 3/11/98| 6.74 | 5843.89 5836.23
1586 4/9/98| 496 | 584567 5836.23
1586 5/6/98! 5.27 | 5845.36 5836.23
1586 6/5/98 6.37 | 5844.26 5836.23
1587 1/14/98| 20.40 | 5952.39 5950.69
1587 2/2/98| 20.76 | 5952.03 5950.69
1587 3/2/98| 21.47 | 5951.32 5950.69
1587 4/6/98, 14.50 | 5958.29 5950.69
1587 5/6/98| 12.22 | 5960.57 5950.69
1587 6/8/98) 16.29 | 5956.50 5950.69
1587 7/6/98| 18.84 | 5953.95 5950.69
1587 8/10/98] 19.93 | 5952.86 5950.69
1587 9/8/98| 20.97 | 5951.82 5950.69
1587 11/4/98] 22.38 | 5950.41 X 5950.69
15871 12/4/98! 21.83 | 5950.96 5950.69
1686 2/18/98| 5.80 : 5863.75 ! 5824.45
1786 1/12/98| 6.86 : 5862.71 5855.57
1786 2/5/98| 6.72 : 5862.85 5855.57
1786 3/5/98| 3.83 | 5865.74 - 5855.57
1786 4/7/98| 4.37  5865.20 | 5855.57
1786 5/5/98| 534 | 5864.23 | | 585557
1786 6/2/98! 627 | 5863.30 | | 5855.57
1786 7/1/98] 6.53 . 5863.04 | 5855.57
1786 8/4/98| 6.35 | 5863.22 | 5855.57
1786 9/1/98! 655 | 5863.02 | 5855.57
1786] 10/6/98] 661 = 5862.96 | | 5855.57
1786/ 11/3/98/ 6.45 = 5863.12 | . 5855.57
1786 12/3/98| 6.56 - 5863.01 | | 5855.57
1886/ 1/12/98 ! | DRY  5880.47
1886 4/7/98 | DRY | 5880.47
1886, 10/6/98 DRY  5880.47
1986 1/7/98| 275 : 5941.11 | 5931.56
1986 2/5/98] 2.81 | 5941.05 | 5931.56
1986 3/3/98) 2.91 & 5940.95 | 5931.56
1986 4/8/98| 2.16 | 5941.70 5931.56
1986]  5/6/98| 2.35 | 5941.51 5931.56
1986 6/2/98| 3.25 | 5940.61 5931.56
1986 7/7/98| 3.72 | 5940.14 5931.56
1986 8/5/98| 2.92 | 5940.94 5931.56
1986 9/2/98| 3.60 | 5940.26 5931.56
1986 10/7/98] 3.67 | 5940.19 5931.56
1986] 11/2/98] 2.98  5940.88 5931.56
1986/ 12/1/98] 3.01 | 5940.85 5931.56
1987| 1/13/98| 11.68 | 5958.23 | 5958.21
1987 4/8/98| 7.04 | 5962.87 | 5958.21
1987 10/5/98| 12.85 | 5957.06 | X 5958.21
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20196] 4/10/98] 40.16 | 6000.93 | 5975.79
20196] 10/5/98] 40.85 | 6000.24 5975.79
20197 5/14/98] 2.73 | 5936.88 5933.01
20291] 1/13/98] 27.70 | 5920.88 5915.58
20291  2/9/98] 27.41 | 5921.17 5915.58
20291  3/4/98| 29.07 | 5919.51 5915.58
20291  4/1/98] 28.21 | 5920.37 5915.58
20291  5/5/98] 17.91 | 5930.67 | 5915.58
20291  6/4/98] 18.40 | 5930.18 | 5915.58
20291  7/2/98] 21.25 | 5927.33 5915.58
20291  8/4/98] 24.06 | 5924.52 5915.58
20291  9/1/98] 25.75 | 5922.83 5915.58
20291] 10/12/98] 27.97 | 5920.61 | 5915.58
20291/ 11/4/98] 29.00 | 5919.58 | 591558
20291] 12/7/98] 30.13 | 5918.45 | 5915.58
20296! 4/10/98! 31.38 | 6004.83 5980.81
20296] 5/8/98] 24.94 | 6011.27 | 5980.81
20296/ 10/5/98¢ 3599 | 6000.22 | 5980.81
20396/ 4/10/98! 26.22 | 6010.88 | 5986.40
20396  5/8/98! 20.35 ' 6016.75 | 5986.40
20396 10/5/98' 32.63 | 6004.47 | - 5986.40
20397, 5/14/98 3.99 . 5936.65 | | 5934.04
© 204961 4/10/98! 4456 602132 | | 6001.38
20496! 10/5/981 43.75 = 6022.13 | 1 6001.38
20596 4/10/98| 55.58 | 602558 @ ' 6010.06
"~ 20596 10/5/981 5219 . 602897 @ | 8010.06 |
20597, 5/14/98 8.04 = 5936.46 | 5934.30
206911 1/13/98° 19.26 & 5950.37 | 1 5945.13
20691, 2/9/98' 20.18 = 594945 | 5945.13
20691 3/5/98 21.24  5948.39 | 1 5945.13
20691  4/8/98 1030 = 5959.33 | ' 594513
20691  5/6/98. 5.91  5963.72 | | 5945.13
20691  6/3/98] 996  5959.67 | 1594513
20691 6/17/981 11.89 | 5957.74 | 1504513
20691  7/8/98 1511 | 5954.52 | | 5945.13
20696/ 3/12/98] 44.04 | 6011.98 | - 5985.62
20696/ 4/10/98: 41.60 | 6014.42 | 5985.62
| 206967  5/5/98| 3574 | 6020.28 5985.62
20696  6/1/98 36.19 | 6019.83 | 5985.62
20696)  7/9/98] 39.09 | 6016.93 598562
20696  8/3/98] 40.24 | 6015.78 - | 5085.62
20696  9/3/98] 41.11 | 6014.91 5985.62
20696 10/5/98] 41.98 | 6014.04 | 5985.62
20696] 11/2/98! 42.62 | 6013.40 5985.62
20696/ 12/2/98, 43.21 | 6012.81 | | 5985.62
20697 5/13/981 481 | 5961.99 | | 5957.00
20796] 4/10/98] 43.88 | 6012.22 | 5976.10
20796 10/5/98] 43.57 | 6012.53 | 5976.10
20797 5/18/98] 3.61 | 5944.91 | 5939.92
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20991] 5/11/98] 26.02 | 5925.37 5888.39
20001 6/17/98| 27.79 | 5923.60 5888.39 .
20991 7/2/98! 29.20 | 5922.19 5888.39
21097| 5/14/98] 347 | 5958.51 5053.98
21197  5/8/98] 372 ' 5933.75 5930.17
21297| 5/8/98] 1.46 | 5977.89 5973.45
21397|  5/8/98] 2.19 | 5973.11 5969.50 |
21497] 5/8/98] 118  5969.22 5963.00
21597|  5/8/98| 3.09 | 5962.58 5960.57
21697| 5/8/98] 424 = 5957.30 5052.84
217971  5/8/98] 2.80 | 5954.60 5951.60
2186 1/12/98] 31.71 | 5974.25 5938.76
2186]  4/8/98] 31.74 | 5974.22 5938.76
2186  7/7/98] 3217 | 5973.79 5938.76
2186] 10/7/98| 32.73 | 5973.23 | 50938.76
2187| 1/7/98] 2.98 | 5926.71 | 5919.29
2187/ 1/13/981 3.10 . 5926.59 75919.29
2187!  4/8/98] 2.45 = 5927.24 | " 5919.29
2187/ 10/7/98] 4.33 _ 5925.36 | | 5919.29
21897/  5/8/98] 343 | 594907 | ' 5946.60
21997  5/8/98] 553  5944.97 ' 594310
22097  5/8/98/ 4.45  5943.05 | 594060
22197  5/8/98] 4.97  5939.53 | | 5938.20
22297 5/8/98] 198  5938.67 | 1'5937.65
22397]  5/8/98 : [ DRY  5932.80
22497  5/8/981 3.97  5939.03 | 5937.10
22596 2/5/98| ‘ i DRY 5982.80
22596!  3/3/98 " DRY 5982.80
22596]  4/8/98] 2271  5987.09 | " 5982.80
22596  5/6/98! 22.01 = 5987.79 | 1"5082.80
225961  6/2/98' 24.07 5985.73 | 1 5982.80
~ 22506]  7/7/98 . DRY : 5982.80
22596]  8/5/98] 2565 @ 5984.15 | 5082.80
22596/  9/1/98 ; DRY | 5982.80
22596] 10/7/98] DRY  5982.80
22596/ 11/3/98 ; DRY  5982.80
22596| 12/1/98 DRY 5982.80
225971  1/8/98] 17.46 : 5897.09 | 5888.55
22597|  5/7/98] 12.50 | 5902.05 . 5888.55 |
22696]  1/6/98] 14.83 | 5967.75 5965.08
22606  1/7/98] 14.84 | 5067.74 5965.08
22606]  4/8/98] 11.04 | 5971.54 5965.08
22696]  7/7/98] 14.72 | 5967.86 5965.08
22696 10/7/98] 18.55 | 5964.03 X 5065.08
22697|  1/8/98] 12.18 | 5895.33 15889.61
22697  5/7/98| 8.56 ' 5898.95 | 5889.61
| 22796]  1/12/98 } DRY 592750
22796|  4/8/98] 12.65 | 5931.85 5927.50
22796]  7/7/98] 1424 | 5930.26 5927.50 ‘
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227961 10/7/98] 14.88 | 5929.62 5927.50
22797  1/8/98] 7.02 | 5892.48 5885.90
22797)  5/7/98] 4.43 | 5895.07 5885.90
2286/  1/5/98] 9.35 | 5970.20 5968.35
2286]  2/5/98] 9.64 | 5969.91 5968.35
2286/  3/3/98| 10.19 | 5969.36 5968.35
2286)  4/8/98] 526 | 5974.29 5968.35
2286] 5/6/98] 629 | 5973.26 5968.35
2286/  6/2/98] 7.33 | 597222 5968.35
2286|  7/7/98] 8.71 | 5970.84 5968.35
2286]  8/5/98] 7.66 : 5971.89 5968.35
2286/  9/2/98] 8.90 | 5970.65 5968.35
2286| 10/7/98 DRY 5968.35
2286| 11/3/98 DRY | 5968.35
 2286] 12/2/98 DRY 5968.35
22896  1/6/98| 20.84 | 5980.58 5978.12
22896/  4/8/98| 15.89 | 5985.53 | ' 5978.12
22896/  7/7/98! 20.89 ' 5980.53 | ' 5978.12
22896| 10/7/98] 21.15 | 5980.27 | ' 5978.12
228971  1/8/98] 13.89 | 5883.76 | - 5873.55
228971  5/7/98] 10.97 | 5886.68 . 5873.55
22996/  1/6/98] 6.60 @ 5981.90 | - 5980.00
22996/  2/5/98] 7.05 = 5981.45 | ©5980.00 |
© 22996]  3/4/98 ; . DRY 5980.00
229961  4/8/98] 427 ~ 598423 | - 5980.00
22996  5/6/98] 4.91 . 5983.59 ! ~5980.00
229960  6/3/98] 588 | 5982.62 | | 5980.00
229961  7/8/98] 7.42 . 5981.08 | - 5980.00 |
~ 229961  8/4/98| DRY 5980.00 |
229961 9/8/98] DRY 5980.00
"~ 22996! 10/6/98 DRY  5980.00
229961 11/5/98] DRY  5980.00 !
229961 12/7/98| , " DRY 5980.00
22997!  1/8/98] 885 588275 |  5875.60 |
22997  5/7/98| 585  5885.75 . | 5875.60
23096/ 1/13/98] 9.47 . 5828.33 | | 5823.80
23096]  4/7/98] 6.85 | 5830.95 | | 582380
23096 6/18/98| 1222 | 582558 | - 5823.80
23096/  7/1/98 13.54 | 5824.26 | 1 5823.80 |
23096/ 10/6/98| 12.91 | 5824.89 | | 5823.80
230971  1/8/98| 8.05 | 587943 | 5873.88
23097] 5/7/98| 5.43 | 5882.05 | 5873.88
| 23196/ 1/16/98] 26.00 @ 5790.67 | X 5791.67
231961  4/7/98] 26.86 | 5789.81 . X 579167
23196]  7/1/98| 27.35 | 5789.32 | X 5791.67
23196 10/6/98] 28.01 | 5788.66 | X 5791.67
23197|  1/8/98] 8.77 | 5877.09 5871.66
23197 5/7/98| 6.50 | 5879.36 | 5871.66
23296/  1/5/98] 5.00 | 5853.00 | | 5850.00
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23296| 4/10/98] 3.78 | 5854.22 5850.00
23296] 5/12/98] 3.42 | 5854.58 5850.00
23296  7/1/98/ 4.67 | 5853.33 5850.00
23296/ 10/6/98] 544 | 5852.56 5850.00
23297  1/8/98] 13.31 | 5868.46 X 5868.67
23297  5/7/98| 11.53 | 5870.24 5868.67
23397  1/8/98] 1319 | 5866.40 5865.49
23397]  5/7/98] 10.98 | 5868.61 5865.49
23497  1/8/98 DRY 5864.26
23497|  5/7/98] 12.40 | 5864.06 X 5864.26
23597|  1/8/98] 13.76 | 5859.58 | 5854.14
23597|  5/7/98] 11.69 | 5861.65 | 5854.14
23697|  1/8/98 ; DRY 5860.68
23697  5/7/98 DRY 5860.68
23797  1/8/981 17.40 | 5850.31 | 5847.71
23797  5/7/98] 16.61 | 5851.10 | | 5847.71
2386/ 2/16/98! 99.31 | 5883.15 | 5865.16
23897|  1/8/98/ 12.07 ' 5850.28 5844.25
23897  5/7/98] 11.73 = 5850.62 5844.25
23997]  1/8/98 ; | DRY 584373
23997  5/7/98] 13.70 | 5847.93 | | 5843.73
—_ |

24097!  5/7/98] 1517 | 5844.50 5841.57
24197  5/7/98/ 13.58 | 5844.02 | 5841.60
24297  1/8/98] 5.90 | 5891.82 | 5888.62
24297,  5/7/981 3.34 | 5894.38 5888.62
24397  1/8/98! 9.08 | 5916.53 5907.31
24397  5/7/98i 4.77 . 5920.84 | 5907.31 |
24497, 1/8/98] 12.30 | 5905.30 | 5900.70
24497/  5/7/981 916  5908.44 | © 5900.70
2486]  1/7/98i - . DRY  5976.06 |
2486  4/2/98/ 6.83 ' 5976.73 | ~ 5976.06
| 2486] 10/7/98] , DRY 5976.06
2487 1/13/98] 14.88 | 5944.81 | X | 5946.09
2487]  4/1/98] 12.70 | 5946.99 | | 5946.09
2487] 5/12/98] 9.56 | 5950.13 | 5946.09
2487| 10/12/98] 15.53 | 5944.16 X | 5946.09
25097  5/7/98] 23.34 | 5911.16 | 5910.00
2586]  1/5/98] 17.95 | 5959.19 5895.14
2586/ 2/10/98| 43.47 | 5933.67 5895.14
2587| 5/12/98] 11.76 | 5949.22 5917.48
2686|  1/7/98] 11.36 | 5965.81 | X 5966.17 |
2686] 2/10/98] 11.58 | 5965.59 | X 5966.17
2686/ 3/11/98] 11.81 | 5965.36 | X 5966.17 |
2686/  4/2/98] 9.42 | 5967.75 | | 5966.17
2686] 5/6/98] 9.46 | 5967.71 | 5966.17
2686|  6/5/98] 10.70 | 5966.47 5966.17 |
2686 10/7/98] 12.82 | 5964.35 X | 5966.17 |
2687| 1/14/98 DRY | 5942.40
2687]  4/6/98 DRY | 5942.40
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26995 2/19/98] 13.39 | 592281 | 5914.20
2786/ 2/10/98] 103.49 | 5860.39 | 5830.88
28205/ 2/19/98| 566 | 5846.44 | 5837.10
29395 2/16/98] 3.68 | 5930.92 | 5922 60
20795| 2/19/98] 255 | 5844.75 | 5840.30
2986/  1/7/98 . DRY 5951.88
2086|  4/2/98 i DRY 5951.88
2986/ 10/7/98 DRY | 5951.88
2987! 1/16/98 | ~ DRY | 5793.99
2987  4/7/98] 12.56 | 5801.73 | 5793.99
2087|  7/1/98] 18.15 | 5796.14 5793.99
2087 10/6/98] " DRY 5793.99
30595/ 2/19/98] 9.10 | 5901.30 | | 5888.40
30695/ 2/19/98] 920 | 5911.60 | 5905.80
3086/ 2/11/98! 6.12 | 595227 | 5943 .49
3087 1/16/98] 2482 | 5786.95 5717.37
3087  4/7/981 2955 | 578222 5717.37
30871  7/1/98] 27.92 @ 5783.85  5717.37
3087/ 10/6/98| 25.07 @ 5786.70 | 5717.37
~ 308-P-11  5/8/98) 23.71 . 5920.40 |  5904.11
© 308-P-2]  5/8/98/ 2477 @ 5919.25 © 5904.02
314911 1/13/98] ; DRY . 5886.13
31791  1/13/98| o DRY  5868.00
~3286] 2/11/98] 57.50 ! 5910.42 | 5842.42
3286/ 3/11/98! 53.34 | 5914.58 | 584242
3286/  4/8/98] 5237 @ 591555 . - 5842.42
3286/  5/6/981 52.12 | 591580 | 584242
3286/  6/4/98] 51.95 | 5915.97 | 5842.42
3287 1/14/98] 4763 = 5900.34 X | 5901.37
3287/  4/6/98! 47.45 ' 5900.52 X | 5901.37
33860  1/5/98! 8.10 = 5944.32 X | 5094512
3386/ 2/5/98 8.09 . 5944.33 | X 594512 |
3386]  3/3/98! 827  5944.15 X . 594512
3386/ 4/8/98] 595 | 5946.47 | 594512
3386/  5/6/98] 6.36 | 5946.06 | 5945.12
33861  6/2/98] 7.17 | 594525 594512
3386,  7/7/98] 819 | 5944.23 X 5945 12
3386]  8/5/98] 8.65 | 5043.77 X 5945 12
3386|  9/2/98] .~ DRY | 594512
3386/ 10/7/98] DRY | 5945.12
3386 11/2/98 | DRY | 5945.12
3386 12/2/98 | . DRY 5945.12
3387 1/14/98] 20.60 | 5926.62 | X | 5927.22
3387 2/10/98] 8.11 | 5939.11 | | 5927.22
3387]  4/6/98] 20.05 | 5927.17 X | 5927.22
34791 1/8/98] 3.94 | 5949.97 | 5945.91
34791]  4/9/98] 118 | 5952.73 | 5945.91 |
34791| 10/6/98| 6.09 | 5947.82 | 1 5945.91
3586 1/13/98] 7.70 | 5905.06 | '5901.16
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3586)  2/9/98] 7.61 | 5905.15 5901.16
3586  3/5/98] 7.61 | 5905.15 5901.16 ‘
3586|  4/8/98] 4.49 | 5908.27 5901.16
3586|  5/6/98] 523 | 5907.53 5901.16
3586| 6/3/98] 6.97 | 5905.79 5001.16
3586  7/9/98] 7.67 | 5905.09 5901.16
3586/ 8/6/98] 7.54 | 5905.22 5901.16
3586  9/8/98] 767 @ 5905.09 5901.16
3586] 10/5/98] 7.71 | 5905.05 5901.16
3586 11/5/98] 7.51 | 5905.25 5901.16
3586| 12/7/98| 7.88 @ 5904.88 | 5901.16
3587 5/11/98 . DRY 5941.99
3686  1/5/98] 626 | 5878.96 | 5878.72
3686] 2/5/98| 618 | 5879.04 5878.72
3686/  2/9/98] 620 | 5879.02 5878.72
3686|  3/4/98] 626 | 5878.96 5878.72
3686] 4/10/98] 4.90 = 5880.32 " 5878.72
3686]  5/5/98] 4.00 @ 588122 | 5878.72
3686/  6/2/98) 6.30 | 5878.92 | ' 5878.72

- 3686] 6/17/98] 560 . 5879.62 | | 5878.72

3686, 7/1/98] 619  5879.03 | | 5878.72
3687/ 1/13/98] 34.06 . 5917.05 | . 5887.71
3687]  2/9/98] 34.72 | 5916.39 | ' 5887.71
3687|  3/4/98] 3523 , 5915.88 | | 5887.71
36871  4/1/98] 3472 | 5916.39 | | 588771
3687)  5/5/98] 26.97 @ 5924.14 | 5887.71
36871  6/4/98] 27.05 | 5924.06 | | 5887.71
3687|  7/2/98] 2922 @ 5921.89 | | 5887.71
3687  7/2/98) 29.22 @ 5921.89 | . 5887.71 |
3687]  8/4/98] 3157 @ 5919.54 | " 5887.71
3687/  9/1/98] 32.71 591840 | 5887.71
3687 10/12/98] 3441 @ 5916.70 5887.71
3687! 11/4/98] 35.33 . 5915.78 5887.71
3687 12/7/98] 3582 . 591529 | " 5887.71
371911 1/13/981 9.39 | 593890 | 5927.19
37191 4/9/98] 7.41 | 5940.88 | 5927.19
37191] 10/5/98] 9.47 | 5938.82 . 5927.19
37591 1/7/98| 10.38 | 5983.07 5980.85
37591 2/5/98| 10.58 | 5982.87 | 5980.85
37591 3/5/98] 10.91 | 5982.54 5980.85
37591]  4/8/98] 8.96 | 5984.49 5980.85
37591|  5/6/98] 7.71 | 5985.74 5980.85
37591  6/3/98| 8.33 | 5985.12 5980.85
37591 6/18/98] 8.74 | 5984.71 5980.85
37591 7/8/98] 9.30 | 5984.15 5980.85 |
376911  1/7/98] 1827 | 5966.97 X 5968.74
37691]  4/9/98] 13.72 | 5971.52 | 5068.74
37691 10/6/98| 18.30 | 5966.94 | X 5968.74

37791 1/6/98] 18.91 | 598527 | - 5983.58
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37791 4/7/98] 19.27 | 5984.91 - 5983.58
. 37791] 10/6/98] 16.24 | 5987.94 5983.58
38591  1/5/98] 8.32 | 5858.30 X 5858.92
38591]  4/9/98] 7.14 | 5850.48 | 5858.92
38591  7/1/98] 9.34 | 5857.28 X | 5858.92
38591 10/6/98 é DRY | 5858.92
3986/  1/6/98] 28.08 . 5881.33 5877.91
3986|  2/9/98| 28.22 5881.19 | 5877.91
3986|  3/4/98] 28.35 . 5881.06 5877.91

3986/ 4/13/98] 28.57 = 5880.84 5877.91

3986  5/4/98] 25.47 = 5883.94 5877.91
3986  6/4/98] 23.80  5885.61 | 5877.91
3986/  8/4/98| 2514 ' 5884.27 | 5877.91

3986/  9/1/98) 2554 = 5883.87 5877.91
3986 10/12/98| 25.89 | 5883.52 5877.91
3986/ 11/4/98] 26.18 = 5883.23 | 5877.91
3986/ 12/7/98] 26.83 | 5882.58 | 5877.91

~ 3987| 2/11/98] 103.48 | 5844.94 | 1 5831.32
~ 4087] 1/12/98] 2.51  5882.10 | ' 5878.11
4087 2/5/98] 1.80  5882.81 | 5878.11
~4087]  3/5/98] 279  5881.82 | 5878.11
4087/  4/10/98] 2.39 588222 | - 5878.11 |
4087  5/5/98] 2.39 588222 !  5878.11
~4087]  6/1/98] 456  5880.05 & - 5878.11
4087/ 7/1/98] 546 587915 | | 5878.11
. ~4087]  8/4/98] 6.82 587779 | X | 5878.11|
40871 9/1/98] 825 5876.36 | X | 5878.11
4087/ 1o/6/981 . DRY  5878.11
~4087]  11/3/98] 7 "DRY 587811
4087 12/3/%9%8f . DRY 587811
41091 1/5/98¢ 9.75  5712.10 | - 5711.85 |
41091]  2/5/981 10.01  5711.84 | X 571185
~ 41091:  3/4/98] 864 571321 | | 5711.85
41091/ 4/7/98] 523  5716.62 |  5711.85
41001  5/5/98] 7.79  5714.06 |  5711.85
41091  6/2/98] 7.25 571460 | 5711.85
41091 7/1/98] 9.73 571212 | 5711.85
41091]  8/4/98] 9.24  5712.61 | | 5711.85
41091  9/1/98] 550 = 5716.35 | | 5711.85
41091| 10/6/981 9.83 | 5712.02 | 1 5711.85
41091] 11/4/98] 10.14 = 5711.71 X | 5711.85
41001 12/3/98 f DRY | 5711.85
41193 2/11/98] 7.99 . 5954.53 5954.52

| 41193] 3/11/98] 811 | 5954.41 X 5954.52
41193]  4/8/98] 411 595841 | 5954.52
41193|  5/6/98] 522 . 5957.30 5954.52
41193|  6/4/98] 7.26 | 5955.26 5954.52
41591|  1/5/98] 7.16 . 5720.11 | 5716.27
‘ 41591 2/9/98] 7.69 | 5719.58 | 5716.27
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41591 3/3/98] 8.09 | 5719.18 5716.27
41591 4/13/98] 4.37 | 5722.90 5716.27 .
41591 5/4/98| 4.86 | 5722.41 5716.27
41591 6/4/98| 6.57 | 5720.70 | 5716.27
41591 7/2/98] 8.35 | 5718.92 5716.27
41591 8/4/98] 8.91 | 5718.36 5716.27
41591 9/2/98] 965 | 5717.62 5716.27
41591 10/8/98 DRY  5716.27
41591 11/3/98 DRY | 5716.27
41591 12/4/98 ; DRY ' 5716.27
41691 1/5/98| 8.68 | 5637.20 5631.18
41691 2/9/98{ 9.60 & 5636.28 | 5631.18
41691 3/3/98] 820 | 5637.68 ' 5631.18
41691 4/1/98] 7.32 | 5638.56 | 5631.18
416911  5/4/98] 7.82 | 5638.06 | 5631.18
41691 6/4/98] 7.93 | 5637.95 5631.18
416911  7/2/981 9.83 | 5636.05 | ' 5631.18
41691]  8/4/98 10.44 | 5635.44 { 5631.18
41691  9/2/981 7.34 | 5638.54 ' 5631.18
41691]  10/8/98] 10.19 | 5635.69 | | 5631.18
41691| 11/3/981 10.55 | 5635.33 | . 5631.18
416911 12/4/98] 7.54 = 5638.34 |  5631.18

| 41693 2/11/98| 1350 | 5961.75 | ' 595925
41693; 3/11/98] 1361 @ 5961.64 | ' 5959.25
41693]  4/8/98] 13.04 | 5962.21 | 5959.25
41693 5/6/98] 12.74 | 5962.51 | " 5959.25
41693 6/4/98] 12.59 | 5962.66 | . 595925

B 4186/ 1/14/98] 4631 @ 5898.05 | X ' 5899.66
4186 2/2/98] 46.35 | 5898.01 X ~ 5899.66
4186 3/2/98| 4639 | 5897.97 | X 5899.66
4186/  4/6/981 46.45 | 5897.91 X 5899.66
4186/  5/7/98| 4512 | 589924 X 5899.66
4186|  6/8/981 4220 | 5902.16 | - 5899.66
4186 7/6/98] 41.38 | 5902.98 - 5899.66
4186] 8/10/98| 4152 | 5902.84 ' 5899.66
41993] 2/16/98| 14.45 | 5963.89 | | 5963.84
42393] 2/16/98] 14.08 | 5967.88 X ' 5968.96
42393 3/11/98] 14.68 | 5967.28 X - 5968.96
42393]  4/1/98] 10.30 | 5971.66 - 5968.96
42393 5/6/98) 10.29 | 5971.67 | 5968.96 |
42393 6/5/98] 10.39 | 5971.57 5968.96
4286 1/8/98] 26.80 | 5931.07 | 5928.17
4286 2/9/98| 22.03 | 5935.84 ! 5928.17 |
4286 3/4/98| 22.83 | 5935.04 | | 5928.17
42861  4/1/98] 20.31 | 5937.56 1 '5928.17
4286 5/5/98] 10.11 | 5947.76 5928.17
4286]  6/4/98) 11.09 | 5946.78 | 5928.17
4286 7/2/198] 1522 | 5942.65 1'5928.17
4286 8/4/98] 19.19 | 5938.68 | 5928.17
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4286/  9/3/98] 20.87 | 5937.00 ' 592817
4286{ 10/12/98| 22.86 | 5935.01 5928.17
4286 11/4/98| 23.63 | 5934.24 5928.17
4286 12/7/98| 24.77 | 5933.10 5928.17
42993] 2/16/98| 12.18 | 5968.57 5964.75
42903 3/11/98| 12.63 | 5968.12 5964.75
42993  4/8/98| 8.89 . 5971.86 5964.75
42993 5/6/98| 8.57 . 5972.18 5964.75
42993 6/5/98) 9.61 & 5971.14 5964.75
43293 2/11/98 5 DRY | 594414
43392 1/13/98| 28.18 | 6015.26 6013.14
43392 4/9/98] 24.41 | 6019.03 6013.14
43392/  7/1/98] 28.03 | 601541 6013.14
43392 10/6/98| 30.15 | 6013.29 6013.14
43593 2/16/98] 8.75 . 5971.19 5968.94
4386| 1/13/98| 17.67 | 5956.79 X 5957.66
4386 2/9/98] 18.13 | 5956.33 X 5957.66
4386/  3/5/98] " DRY  5957.66
43861 4/9/98] 12.50 = 5961.96 | 5957.66
4386/ 5/6/98] 11.85 = 5962.61 5957.66
] 4386  6/3/981 13.94 = 5960.52 5957.66
4386 7/8/98] 16.48 ' 5957.98 | 5957.66
4386,  8/4/981 17.13  5957.33 X 5957.66
4386/  9/8/98] 18.11 = 5956.35 X ' 5957.66
43861 10/5/98 DRY . 595766
43861 11/5/98i ~ DRY  5957.66
4386, 12/7/98) 1831 5956.15 | X 5957.66
4387/ 1/13/98] 963  5916.78 ! | 5914.11
4387  4/9/98° 6.22  5920.19 ! o 591411
4387 10/5/98] 8.78  5917.63 | - 5914.11
43893 2/16/98! 12.75 = 5967.34 | " 5966.09
43995; 2/16/981 10.91 |
44861  1/6/98] 748 = 6014.48 | 5995.66
44861  4/8/98] 572 = 6016.24 | '~ 5995.66
4486) 9/17/98] 7.23 = 6014.73 | | 5995.66
44861 10/6/98] 7.35 . 6014.61 ' 599566
4487, 1/13/98! DRY  : 5947.60
448931  1/13/98 ‘ DRY 5913.83
44893,  2/5/98 ‘ . DRY | 5913.83
44893  3/4/98| T DRY | 591383
44893 4/7/98] DRY 5913.83
44893 5/5/98 DRY 5913.83
44893  6/2/98 DRY 5913.83
448931  7/1/98 DRY | 5913.83
44893 8/4/981 DRY 5913.83
44893 9/1/98 DRY 5913.83
44893 10/6/98 DRY 5913.83
44893 11/3/98 DRY 5913.83
44893 12/3/98| @ DRY 5913.83
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45093] 2/18/98] 11.96 | 5917.90 X | 5918.16
45391 1/13/98 DRY  5876.54 ‘
45393! 2/18/98] 13.26 | 5912.40 5908.96
45393] 3/11/98] 13.58 | 5912.08 5908.96
45393]  4/9/98| 13.91 | 5911.75 5908.96
45393]  5/6/98] 14.27 | 5911.39 5908.96
45393]  6/5/98] 1463 @ 5911.03 5908.96
45693 2/11/98] 3.29 | 593552 5933.31
457931 1/12/98 DRY 5949 12
457931 2/11/98 . DRY 5949.12
457931  4/8/98] 6.84 | 5946.28 | X 594912
457931 10/7/98] 6.89 | 5946.23 | X 5949.12
458931 2/11/98 " DRY 5944.50
459931 2/11/98 . DRY 5947.81
46193/ 2/11/98] 3.88 | 5934.82 | 5931.70
462921 1/7/98] 54.81 | 6042.43 6006.74
46292 4/10/98] 54.61 | 6042.63 6006.74
46292 10/1/98] 51.03 | 6046.21 6006.74
462931 1/12/98] 3.13 | 5938.46 | 5933.59
462931  2/5/98/ 3.45 | 5938.14 | 5933.59
46293 2/16/98) 3.35 = 5938.24 | 5933.59
462931  3/3/98] 4.23 = 5937.36 | | 5933.59
462931 4/8/98] 0.20 | 5941.39 5933.59
46293]  5/6/98/ 0.00 = 594159 | 5933.59
46293 6/2/98] 1.93 ~ 5939.66 | 5933.59
462937  7/7/98] 491  5936.68 | 5933.59
46293  8/5/98] 4.04 | 5937.55 | 5933.59
463931 2/19/98] 20.83 . 5881.91 | . 5880.24
46492  1/8/98] 24.18 | 6032.63 | 601361
46492 4/10/98] 2170 | 6035.11 . 601361
464927 9/17/98 23.96 | 6032.85 | 601361
464921 10/1/98] 2463 | 6032.18 | 6013.61
4686/  1/8/98] 73.70 | 6010.29 | 1 5923.19
4786/  1/8/98] 59.08 = 6024.59 175989.17
4786]  2/3/98] 59.10 | 6024.57 5989.17
4786/  3/2/98] 59.04 | 6024.63 5989.17
4786] 4/10/98] 59.01 | 6024.66 5989.17
4786]  5/5/98] 57.28 | 6026.39 5989.17
4786]  6/1/98] 55.48 | 6028.19 5989.17
4786] 6/16/98] 54.93 | 6028.74 | 5989.17
4786]  7/8/98] 55.12 | 6028.55 | 5989.17
4786 8/10/98| 55.32 | 6028.35 5989.17
4787| 1/13/98 DRY 5877.34
47871  4/9/98] 3.93 | 5880.71 | 5877.34
4787  7/2/98] 852 | 5876.12 | X 5877.34
4787 10/8/98 DRY 5877.34
4887 1/13/98] 10.36 | 5901.05 X 5901.31
4887  4/9/98] 591 | 5905.50 5901.31
4887 7/2/98] 10.24 | 5901.17 | X 5901.31
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4887 10/8/98 DRY | 5901.31
50494 1/7/98 DRY | 6072.64
50494| 4/10/98 DRY | 6072.64
50494 10/1/98| 24.61 | 6069.73 X ' 6072.64
50694 1/8/98| 2428 | 6063.22 6060.70
50694] 4/10/98] 23.81 | 6063.69 6060.70
50694| 10/1/98| 20.59 | 6066.91 6060.70
5087| 1/13/98 DRY 5921.28
51094 1/5/98| 44.50 | 6048.75 6035.55
51094| 4/10/98] 44.22 | 6049.03 6035.55
51094| 10/1/98| 40.74 | 6052.51 6035.55
51194 1/8/98| 37.84 | 6035.47 6023.31
51194| 4/10/98| 36.80 | 6036.51 6023.31
511941 10/1/98| 34.86 | 6038.45 6023.31
51294 1/8/98] 21.86 | 6042.82 6029.68
51294 2/4/98| 21.58 | 6043.10 | 6029.68
51294 3/4/98] 21.71 | 6042.97 | 6029.68
512941 4/10/98] 21.07 @ 6043.61 . 6029.68
512941  5/5/98| 18.47 '@ 6046.21 - 6029.68
51294|  6/1/98/ 17.00 | 6047.68 ' 6029.68
51294 8/4/98/ 18.04 | 6046.64 - 6029.68
51294 8/6/98/ 17.90 | 6046.78 | - 6029.68
51294 9/3/98| 18.22 | 6046.46 | 6029.68 |
51294| 10/1/98] 19.01 ' 604567 6029.68
51294, 11/2/98| 19.82 ' 6044.86 | 6029.68
512941 12/2/981 2027 . 6044.41 - 6029.68
51494 1/7/98| 51.64 | 6047.62 | ' 6030.56
51494  2/3/98] 51.60 | 6047.66 | ' 6030.56
51494  3/2/98: 51.37 '@ 6047.89 | o 6030.56
51494 4/10/98] 51.38 @ 6047.88 | 6030.56
51494 5/5/98] 49.86 = 6049.40 | 6030.56
51494 6/1/981 48.18 : 6051.08 . 603056
51494| 6/16/98| 47.39 | 6051.87 | - 6030.56
51594 1/7/98] 8.92  6090.57 | 6079.49
51594 2/3/98| 8.67 = 6090.82 6079.49
51594 3/2/98| 8.42 | 6091.07 6079.49
51594 4/10/98| 7.58 | 6091.91 | 6079.49
51594  5/5/98] 6.53 | 6092.96 ' 6079.49
51594 6/1/98] 6.42 = 6093.07 ! 6079.49
51594 7/9/98| 756 | 6091.93 6079.49
51594 8/3/98/ 813 | 6091.36 6079.49
51594 9/3/98] 8.87 | 6090.62 6079.49
51594 10/1/98] 9.60 | 6089.89 6079.49 |
51594] 11/2/98| 10.89 | 6088.60 6079.49
51594/ 12/7/98] 12.38 | 6087.11 6079.49
5287|  1/6/98] 9.86 | 5959.71 5949.27
5287 2/5/98] 9.76 | 5959.81 5949.27
5287 3/3/98] 9.89 | 5959.68 5949.27
5287 4/7/98] 9.11 | 5960.46 5949.27
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5287 5/7/98| 9.20 5960.37 | 5949.27
5287 6/3/98| 9.62 5959.95 5949.27
5287 7/8/98| 9.77 | 5959.80 5949.27
5287 8/4/98! 9.59 5959.98 5949.27
5287 9/8/98! 9.75 5959.82 | 5949.27
5287! 10/5/98/ 9.92 5959.65 | 5949.27
5287! 11/4/98| 9.73 5959.84 5949.27
5287 12/2/98| 9.89 5959.68 5949.27
52893 5/13/98 DRY 5934.50
52894| 1/12/98] 4.48 . 5866.27 X 5866.75
52894| 4/10/98! 3.29 | 5867.46 5866.75
52894 7/1/98| 6.15 : 5864.60 X 5866.75
52894| 10/6/98/ 7.98 | 5862.77 X 5866.75
52993 5/13/98 | DRY 5931.00
52994| 1/12/98 ' DRY 5858.81
52994  4/10/98| ‘ DRY 5858.81
52994! 7/1/98| 18.73 : 5855.08 ! X ' 5858.81
52994 10/6/98| ? ' DRY . 5858.81
53093 5/13/98! DRY ¢ 5935.70
53193! 5/13/98 ! DRY 1 5938.50
531941 1/12/98; 3.65 . 5835.73 | ; 5832.38
53293 5/18/98i ‘ ' DRY . 5942.80
53393| 5/13/98! ‘ DRY . 5914.70
53493| 5/18/98/ 5.04 | 5900.36 ! | 5895.40
53871 1/16/98! 5.90 595591 ! 0 5952.71
5387/ 4/9/98° 3.16 ; 5958.65 | 5952.71
5387! 7/2/981 7.32 . 5954.49 | 5952.71
5387/ 10/8/98! 8.50 : 5953.31 5952.71
5586| 1/5/981 21.90 @ 6096.82 | 6082.32
55861 2/4/98; 2165 | 6097.07 ! . 6082.32
55861 3/2/98! 22.55 : 6096.17 ' 6082.32
5586! 4/1/98: 17.82 | 6100.90 | ' 6082.32
55861 5/4/98: 10.10 | 6108.62 . . 6082.32
5586 6/1/98; 13.07 . 6105.65 | . 6082.32
5586/ 6/16/98] 1561 . 6103.11 | | 6082.32
55861 7/1/98/ 17.93 | 6100.79 | | 6082.32
55871 1/5/98! 8.75 5851.34 | X 5852.69
5587 2/4/981 8.05 | 5852.04 | X ! 5852.69
5587 3/2/98] 7.80 | 5852.29 | X 5852.69
5587 4/9/98! 6.10 | 5853.99 | 5862.69
5587/ 5/4/98| | DRY 5852.69
5587 6/1/98| 8.07 5852.02 | X 5852.69
5587 7/1/98/ 7.84 | 585225 X 5852.69
5587 8/4/98| 8.14 5851.95 X 5852.69
5587 9/2/98; 8.62 5851.47 X 5852.69
5587/ 10/6/98] 9.35 | 5850.74 X 5852.69
5587 11/3/98 DRY 5852.69
5587 12/1/98| 8.40 5851.69 X 5852.69
5686/ 1/13/98] 6.82 5982.11 5979.33
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5686]  2/9/98] 654 | 5982.39 5979.33
5686/  3/3/98) 6.30 | 5982.63 5979.33
5686]  4/1/98| 4.28 | 5984.65 5979.33
5686]  5/4/98] 550 | 598343 5979.33
5686  6/1/98] 6.64 | 5982.29 5979.33
5686/  7/1/98] 6.80 | 5982.13 5979.33
5686]  8/6/98] 6.84 | 5982.09 5979.33
5686/  9/2/98] 6.83 | 5982.10 5979.33
5686/ 10/6/98] 6.87 | 5982.06 5979.33
5686] 11/3/98] 6.82 | 5982.11 5979.33
5686] 12/1/98] 6.84 | 5982.09 1 5979.33
5687| 2/10/98] 8.50 | 5971.27 5970.07
56994] 1/16/98] 17.30 | 6004.33 5997.13
56994  4/1/98] 16.40 | 6005.23 5997.13
56994] 5/21/98| 14.92 & 6006.71 5997.13
56994] 10/6/98] 17.09 | 6004.54 5997 .13
57094/ 1/13/98| 33.37 | 5938.75 ' 5938.12
570941  4/1/98] 33.28 | 5938.84 5938.12
570941 5/13/98] 32.73 | 5939.39 | 5938.12
57094 10/6/98] 34.21 | 5937.91 | 5938.12
575941 5/13/98] 8.10 | 5940.33 | | 5858.53
579941 5/14/98] 4.75 | 5936.52 | ' 5934.27
58094] 5/13/98] 4.17 | 5926.74 - 5919.91
581941 5/13/98] 3.58 | 5927.05 5922.63
582941 5/14/98] 7.32 | 5941.49 ' 5943.81
58394/ 5/21/98] 648 | 5993.06 - 5994.14
58494/ 5/21/98] 317 | 599321 '5986.38
585941 5/13/98] 531  5914.83 | " 5914.14
586941 5/13/98] 548 | 5954.48 5954.96
58793 1/13/98] 14.50 & 5999.70 | | 5989.40
587931  4/1/98] 12.38 | 6001.82 | 5989.40
58793]  7/1/98] 9.41 | 6004.79 | 5989.40
58793/ 10/6/98] 13.86 | 6000.34 | 5989.40
587941 5/18/98] 500 | 5953.91 ' 5953.91
5887,  1/7/98] 9.53 | 5987.24 5974.47
5887|  4/7/98] 4.41 | 5992.36 5974.47
5887|  5/8/98] 4.30 | 5992.47 5974.47
5887  7/1/98] 8.46 | 5988.31 5974.47
5887| 10/5/98| 11.85 | 5984.92 5974.47
59393 1/13/98] 7.24 | 5947.46 5947 20
59394] 5/13/98] 3223 | 5934.73 5879.46
50493| 1/15/98] 4.52 | 5987.88 5979.50
50493]  4/1/98| 4.08 | 5988.32 5979.50
50493 7/1/98| 581 | 598659 5979.50
59493] 10/6/98] 9.63 | 5982.77 5979.50
59594| 1/13/98| 28.04 | 6020.87 6011.31
59594  4/1/98] 25.30 | 6023.61 6011.31
59594| 10/6/98] 31.26 | 6017.65 6011.31
59793 5/13/98] 8.21 | 5937.59 5932.10
A-26

RF/RMRS-99-433.UN

1998WLs
Sheet1



DRAFT RF/RMRS-99-433.UN
Appendix A

598931 1/16/98| 4.42 | 5941.98 5931.80
59893 4/1/98| 2.70 5943.70 5931.80 ‘
59893| 5/18/98] 3.72 5942.68 5931.80
59893 10/6/98| 9.40 5937.00 5931.80
59993 5/18/98! 7.23 5937.07 5928.00
60093/ 5/13/98| 9.90 5935.50 X 5935.60
601931 5/13/98 DRY 5939.20
60195 1/8/98! 5.65 5894.35 5889.00
601951 2/5/98] 5.98 5894.02 ' 5889.00
60195| 3/4/98| 6.29 5893.71 | 5889.00
601951 4/10/98! 4.05 ' 5895.95 5889.00
60195| 5/5/98| 3.11 @ 5896.89 5889.00
60195| 6/2/98] 362 | 5896.38 5889.00
60195! 7/1/98| 4.50 5895.50 5889.00
60195/ 8/6/98| 5.29 5894.71 5889.00
60195 9/1/98| 6.15 5893.85 | 5889.00
60195/ 10/6/98] 6.62 5893.38 | 5889.00
60195/ 11/4/981 6.78 ' 5893.22 i 5889.00
60195 12/3/98! 6.54 5893.46 | 5889.00
60294:  1/14/98 Well Not found |

602941 4/9/98! 260 | 5919.23 ;
60295: 1/8/981 457 ' 5892.43 | ; 5880.80

60295/ 4/10/98] 326  5893.74 "5880.80
60295/ 5/11/98/ 2.10 | 5894.90 5880.80
60295 10/6/98] 546 589154 5880.80
60395  1/8/98] 5.75 = 588125 5878.70
603951 4/10/98] 3.94 | 5883.06 5878.70
60395, 5/11/98] 3.28 | 5883.72 | 5878.70
60395 10/6/98/ 6.89  5880.11 | 5878.70
60693, 1/15/98] 14.40 | 6009.30 | 76005.90
606931 4/1/98| T DRY | 6005.90
606931 7/1/98 15.90 = 6007.80 | 6005.90
60603 10/6/98] 16.14 | 6007.56 6005.90
60695  1/6/98] 9.35 | 587565 587110
60695  4/13/98] 8.49 | 587651 5871.10
60695/ 5/11/98] 6.18 | 5878.82 5871.10
60695 10/12/98] 8.20 . 5876.80 5871.10
60795  1/16/98; DRY | 5833.00
60795 4/13/98| | DRY | 5833.90
| 60795/ 511/98] 200 | 5840.00 | 5833.90
60795/ 10/12/98] 8.14 | 5833.86 X £833.90
6087)  1/7/98] 10.60 | 5975.36 5958 46
60871 4/7/981 4.85  5981.11 5958.46
6087 5/8/98] 5.00 | 5980.96 5958 46
6087] 10/6/98] 12.12 | 5973.84 5958.46
60895/  5/11/98 DRY | 5830.10
60993] 5/21/98] 353 | 5983.37 5978.90
60994] 1/14/98 DRY | 592077 |
60994]  1/16/98 " DRY | 592077 .
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60994 4/9/98] 3.28 | 5928.79 | 5920.77
60994 10/8/98 DRY | 5920.77
61093 5/21/98] 4.81 | 5968.79 5960.60
612931 1/15/98] 2.10 | 5984.60 5978.70
61293 4/1/98] 2.05 | 5984.65 5978.70
61293 7/1/198| 577 | 5980.93 5978.70
61293| 10/6/98] 8.75 | 5977.95 X 5978.70
61295/ 1/13/98] 3.58 | 5863.42 5856.60
61295/ 4/13/98] 2.62 . 5864.38 5856.60
61295/ 10/6/98] 4.11 | 5862.89 5856.60
61495/ 1/16/98] 5.84 | 5972.16 5965.80
61495/ 4/10/98] 2.91 | 5975.09 5965.80
61495 5/8/98] 3.14 | 5974.86 5965.80
614951 10/5/98| 6.66 | 5971.34 5965.80
61595 1/16/98| 2.84 | 5970.16 5962.10
61595/ 4/10/98] 093 | 5972.07 5962.10
61595/  5/8/98! 1.36 | 5971.64 5962.10
61595/ 10/5/981 3.72 | 5969.28 5962.10
61695  1/16/98 3.33 | 5984.67 | 5973.60
61695/ 4/10/98] 161 = 5986.39 | 5973.60
61695  5/8/98] 1.59 | 5986.41 | 5973.60
61695/ 10/5/98/ 4.30 @ 5983.70 | 5973.60
61793 5/14/98] 4.50 = 5914.20 | 5912.80
6186/  1/6/98! 10.31 | 5990.29 ! 5988.60
61861  4/7/981 7.25 | 5993.35 | 5988.60
6186/  7/8/98/ 10.18 & 5990.42 | © 5988.60
6186. 10/6/98] 9.98 | 5990.62 | ' 5988.60
61893 5/14/98] 0.00 = 5946.20 5937.40
61993] 5/14/98] 596 = 5929.54 5929.50
62395  1/6/98| DRY
62395  2/9/98I DRY
62395/  3/4/98] DRY
62395  4/8/98| 2.12
62395,  5/4/98] 7.55
62395/  6/4/98] 8.48
62395  8/4/98| 9.02
62395 9/1/981 9.35
62395 10/12/98] 9.31
62395 11/4/98] 9.21
62395 12/7/98] 9.26
62593 1/15/98] 4.40 | 6043.40 6039.40
625931  2/9/98) 2.97 | 6044.83 6039.40
62593 3/3/98] 353 | 604427 6039.40
62593 4/1/98| 0.56 | 6047.24 6039.40
62593 5/4/98] 0.56 | 6047.24 6039.40
62593 6/2/98] 279 | 6045.01 6039.40
62593 7/1/98| 421 | 6043.59 6039.40
62593 8/10/98] 5.71 | 6042.09 6039.40
62593 9/2/98! 6.75 | 6041.05 6039.40
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62593| 10/6/98] 7.33 | 6040.47 6039.40
62593 11/3/98| 7.35 | 6040.45 6039.40
62593| 12/1/98] 6.40 | 6041.40 6039.40
62693] 1/15/98| 1.84 | 6039.96 6033.20
62693 2/9/98] 1.34 | 6040.46 6033.20
62693 3/3/98] 1.93 | 6039.87 6033.20
62693 4/1/98] 0.00 | 6041.80 6033.20
62693 5/4/98] 0.00 | 6041.80 6033.20
62693 6/2/98] 2.97 | 6038.83 6033.20
62693 7/1/981 4.43 | 6037.37 6033.20
62693| 8/10/98! 6.11 | 6035.69 6033.20
62693 9/2/98| 7.60 | 6034.20 6033.20
62693/ 10/6/98! 7.94 | 6033.86 6033.20
62693 11/3/98] 7.70 | 6034.10 6033.20
62693) 12/1/98| 4.96 | 6036.84 6033.20
62793 5/14/98 DRY 5927.70
6286 1/8/98] 29.31 | 5873.87 5867.98
6286/  4/9/98! 29.13 | 5874.05 | 5867.98
6286!  7/2/98! 27.61 | 5875.57 | 5867.98
6286/ 10/8/98] 27.25 | 5875.93 | 5867.98
628931 1/15/98] 0.75 | 5994.45 | 5980.40
62893  4/1/98/ 0.00 : 5995.20 | 5980.40
62893| 5/18/98] 0.70 | 5994.50 | 5980.40
62893/ 10/6/98! 1.80 ' 5993.40 5980.40
631931 5/13/98! DRY  5948.90
63395/  1/5/981 7.16 | 5892.84 . 5892.00
63395/ 4/10/98/ 6.72 | 5893.28 | | 5892.00
63395/ 5/12/98/ 4.57 ' 5895.43 | © 5892.00
63395/ 10/6/98) 7.18 | 5892.82 | | 5892.00
63495 1/16/98! 2.86 . 6008.14 | | 6003.20
63495/ 4/13/98/ 2.10 ' 6008.90 | ' 6003.20
63495/  5/8/98] 2.10 | 6008.90 | | 6003.20
63495; 10/5/98! 3.51 | 6007.49 | | 6003.20
63795 1/12/98] 4.90 ! i i
637951  2/3/98/ 5.50 |
63795/  3/4/98] 4.99 s
637951 4/10/98] 3.44
63795/  5/5/98/ 4.10
63795]  6/1/98] 4.91
63795 7/8/98| 6.44 |
63795 8/3/98/ 7.61
63795 9/3/98| 9.96
63795| 10/5/98/ 9.68 |
63795 11/2/98] 9.35 |
63795! 12/7/98, 896 |
6386/  1/8/98] 15.22 | 5886.79 5886.71
6386/  4/9/98| 13.63 | 5888.38 5886.71
6386/  7/2/98] 965 | 5892.36 5886.71
6386/ 10/8/98] 15.84 | 5886.17 X 5886.71
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63895 1/12/98] 5.60

63895/  2/3/98] 5.57 |

63895]  3/4/98] 560 |

63895 4/10/98| 4.12 |

63895/  5/5/98| 4.15

63895|  6/1/98] 4.44

63895 7/8/98| 4.80 L‘

63895/  8/3/98| 4.85 ;

63895|  9/3/98| 5.21 !

63895, 10/5/98| 5.27 ;f |

63895/ 11/2/98] 533 | |

63895 12/7/98] 560 B

64595| 1/16/98 é ' DRY | 5787.80

64595/  2/9/98 . DRY | 5787.80

64595  3/4/98| . DRY  5787.80
 64595]  4/7/98| DRY | 5787.80
© 64595]  5/4/98| ‘ - DRY [ 5787.80

64861 1/13/98] 7.08  5833.97 | 5832.05

6486]  2/4/98/ 7.04 - 5834.01 . 5832.05

64861 3/2/98] 7.22  5833.83 | 5832.05
6486,  4/7/98] 647  5834.58 | ' 5832.05

| 6486]  5/4/98] 7.82 583323 | 5832.05

6486  6/1/98] 7.53  5833.52 | 5832.05
6486/  7/1/98/ 8.42 = 5832.63 | | 5832.05

64861  8/4/98!  DRY . 5832.05 |

6486]  9/2/98] 1121 ' 5829.84 . X - 5832.05

6486 10/6/98] __ DRY | 5832.05
64861  11/3/98! DRY  5832.05
64861 12/1/98] 10.82  5830.23 . X | 5832.05

65861 1/16/98! S ~ DRY | 578027
6586/  3/2/98 DRY  5780.27

65861  4/7/98] 7.81  5780.46 | ' 5780.27
~ 6586] 5/5/98] 6.00 578227 | 5780.27

6586/  6/1/98] . DRY | 5780.27
 6588]  7/1/98 ] DRY | 5780.27

6586/  8/4/98] DRY | 5780.27

6586 9/2/98( ! DRY | 5780.27

6586/ 10/6/98| i DRY | 578027

6586 11/3/98! 6.15 @ 5782.12 | 5780.27

6586/ 12/1/98] 6.01 | 5782.26 5780.27

6587  2/4/98) 8.05 | 5976.94 | 5960.99
i 6686 1/5/98] 4.45 | 5689.75 | | 5687.70

6686  2/4/98] 4.37 | 5689.83 | | 5687.70

6686/  3/3/98] 464 | 5689.56 | | 5687.70

6686, 4/13/98] 4.72 | 5689.48 | 5687.70

6686)  5/4/98] 4.88 | 5689.32 | 5687.70

6686/  6/4/98] 5.14 | 5689.06 | | 5687.70

6686  7/2/98] 6.62 | 5687.58 | X | 5687.70

6686 8/4/98| 7.32 | 5686.88 | X | 5687.70
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6686 9/1/98] 7.53 | 5686.67 X 5687.70
6686| 10/8/98] 8.13 | 5686.07 X 5687.70 ‘
6686 11/3/98] 4.49 | 5689.71 5687.70
6686/ 12/4/98] 4.86 | 5689.34 5687.70
6774 5/8/98] 2.64 | 6047.50 5993.14
6786 1/16/98 ] | DRY 5789.17
6786 4/7/98 | DRY 5789.17
6786] 10/8/98) 15.99 | 5787.98 X 5789.17
68194] 9/17/98] 6.64 | 6020.46 6009.10
68494] 1/16/98] 6.50 | 6017.87 6009.17
68494 9/17/98| 6.18 | 6018.19 6009.17
6886 1/16/98| 3.50 | 5886.99 5886.99
6886 3/12/98] 3.49 | 5887.00 5886.99
6886  4/9/98] 3.29 | 5887.20 5886.99
6886 5/4/98/ 355 | 5886.94 X 5886.99 |
6886 6/1/98] 3.81 @ 5886.68 X 5886.99
6886/ 6/18/98] 3.82 | 5886.67 | X | 5886.99
6886/  7/1/981 4.01 . 5886.48 | X | 5886.99
700931  1/7/98] 12.50 | 5980.40 | . 5970.90
70093/  5/8/98] 4.55 = 5988.35 | 5970.90
70193)  1/7/98( 12.12 . 5979.88 | 5954.70
70193  4/7/98) 521 = 5986.79 | 5954.70
70193[  7/1/98] 10.18 | 5981.82 5954.70
70193] 10/6/98| 12.76 | 5979.24 { 5954.70
70393]  1/7/98/ 9.71 . 5990.39 ' 5977.30
703931  1/7/98] 9.71 , 5990.39 | ' 5977.30
70393  4/7/98] 3.81 | 5996.29 . 5977.30
70393  5/8/98! 3.05 | 5997.05 1 5977.30
703931  7/1/98] 8.05 & 5992.05 | | 5977.30
703931 10/5/98/ 12.03 . 5988.07 ! | 5977.30

70493/  1/7/98] 9.70 . 5990.30 ! | 5956.00
70493  4/7/98] 548 = 5994.52 | | 5956.00
70493|  7/1/98] 10.16 | 5989.84 5956.00
70493! 10/5/98] 11.16 | 5988.84 | 5956.00
70593]  1/7/98] 30.99 | 5969.01 5864.00
70693 1/7/98] 16.08 | 5976.62 5964.30
70693 4/7/98| 6.67 | 5986.03 | 5964.30
70693 5/8/98! 7.36 | 5985.34 5964.30
70693 10/5/98/ 17.62 | 5975.08 | 5964.30
7086] 1/16/98] 3.13 | 5936.26 5931.49
7086 4/7/98] 266 | 5936.73 5931.49
7086| 5/13/98/ 3.21 | 5936.18 5931.49
7086 7/1/98{ 465 | 5934.74 | 5931.49
7086 10/6/98] 4.48 | 5934.91 5931.49
7187 1/7/98] 6.90 | 5958.59 5951.99
7187 4/7/98] 426 | 5961.23 5951.99
7187| 10/6/98] 8.61 | 5956.88 5951.99
75292 1/5/98] 6.42 | 5750.48 5749.30
75292  2/5/98| 564 | 5751.26 5749.30

A-31 roswLe

qur 095



DRAFT
Appendix A

T

75202] 2/19/98] 6.96 | 5749.94 5749.30
75292  3/4/98] 7.24 | 5749.66 5749.30
75292|  4/7/98] 415 | 575275 5749.30
75292|  5/5/98] 4.51 | 5752.39 5749.30
75292]  6/2/98] 4.61 | 5752.29 5749.30
75292  7/1/98] 866 | 5748.24 X 5749.30
75292|  8/4/98] 8.02 | 5748.88 X 5749.30
75292  9/1/98] 8.91 | 5747.99 | X 5749.30
75292 10/6/98] 8.16 | 5748.74 X 5749.30
75292|  11/4/98] 557 | 5751.33 5749.30
75292 12/3/98] 645 | 5750.45 5749.30
75092]  1/5/98/ 7.80 | 5891.30 5889.10
75992|  1/5/98] 7.80 | 5891.30 5889.10
75092 4/13/98/ 578 | 5893.32 5889.10
75992| 5/11/98] 5.82 | 5893.28 5889.10
75992|  7/1/98] 7.76 | 5891.34 5889.10
75992 10/6/98] 8.79 @ 5890.31 . 5889.10
762021  1/7/98] 18.55 | 5940.75 5940.10
762921 2/11/98] 1916 | 5940.14 | 5940.10
76202] 3/11/98] 19.57 5939.73 | X | 5940.10
76292|  4/8/98] 10.21 | 5949.09 | 5940.10
76292]  5/6/98] 9.09 595021 £ 5940.10
76292]  6/4/98] 12.37 | 5946.93 | | 5940.10
76792] 1/12/98] 6.93 = 5938.57 X 5940.00
76792]  4/7/98] 222 594328 |  5940.00
767921  5/8/98] 250 _ 5943.00 | 5940.00
76792] 10/6/98] 7.9 . 5938.31 . X 5940.00
76992 1/12/98| 9.87  5948.13 | X | 594860
760921 4/7/98. 611  5951.89 5948.60
76992]  5/8/98] 7.30 . 5950.70 | . 5948.60
769921 7/1/98] 10.01  5947.99 | X 5948.60
76992] 10/6/98] 12.06 | 594594 | X . 5948.60
77192  5/8/98] 2.32 591358 £ 5910.00
77392]  1/12/98] - DRY  5958.60
77392]  4/7/98] 522  5960.28 | 5958.60
77392  5/8/98] 419 | 5961.31 | 5958.60
77392]  7/1/98] 851  5956.99 | X | 5958.60
77392 10/6/98] 10.13 | 5955.37 X | 5958.60
77492  1/6/98| 13.82 | 5930.68 5922.40 |
77492  2/5/98] 13.90 | 5930.60 5922.40
77492]  3/3/98] 14.03 | 5930.47 | 5922.40
77492] 4/2/98] 1280 | 5931.70 5922.40
77492  5/6/98| 11.94 | 593256 5922.40
77492]  6/2/98] 1224 | 5932.26 | 5922.40
77492] 6/17/98] 1216 | 5932.34 5922.40
77492]  7/7/98] 12.49 | 5932.01 5922.40
B102289, 1/12/98] 2.88 | 5977.18 5967.56
B102289] 4/10/98] 2.95 | 5977.11 5967.56
B102289] 10/5/98] 3.02 | 5977.04 5967.56
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B102389] 1/12/98] 4.76 | 5936.42 " 5930.28
B102389! 4/10/98] 373 | 5937.45 5930.28 ‘
B102389] 10/5/98] 7.29 | 5933.89 5930.28
B110889!  1/8/98] 35.82 | 6041.95 6012.97
B110889! 4/10/98] 35.29 | 6042.48 6012.97
B1108891 10/1/98| 32.68 | 6045.09 6012.97
B110989]  1/8/98] 47.98 | 6036.38 6018.76
B110989]  2/3/98] 48.11 | 6036.25 6018.76
B110989!  3/2/98 47.98 | 6036.38 6018.76
B110989! 4/10/98| 47.74 | 6036.62 6018.76
B110989|  5/5/98] 45.39 | 6038.97 6018.76
B110989!  6/1/98| 43.68 | 6040.68 | 6018.76
B110989  7/9/98| 43.68 @ 6040.68 | 6018.76
B110989!  8/3/98/ 44.09 @ 6040.27 | 6018.76
B110989]  9/3/98] 44.24 | 6040.12 | 6018.76
B1109891 10/1/98] 44.77 ' 6039.59 | 6018.76 |
B1109891 11/2/98] 4525 | 6039.11 | | 6018.76
B110989' 12/7/98| 46.10 | 6038.26 | | 6018.76
B111189!  1/7/98/ 59.00 6048.52 | | 6034.92
B111189]  2/3/98] 59.04 ' 6048.48 | | 6034.92
B111189]  3/2/98/ 58.85 '@ 6048.67 | 6034.92
B111189) 4/10/98 58.95 - 6048.57 6034.92
B111189]  5/5/98| 58.38 | 6049.14 | 6034.92
B111189]  6/1/98| 57.78 | 6049.74 | 6034.92
B111189]  7/1/98! 57.25 | 6050.27 : 56034.95
B111189!  8/3/98] 56.96 ' 6050.56 | | 6034.92
B111189/  9/3/98| 56.43 . 6051.09 1'6034.92
B1111891 10/1/98] 56.34 . 6051.18 6034.92
B111189] 11/2/98' 56.08 - 6051.44 | | 6034.92
B111189] 12/7/98] 5629 : 6051.23 | 6034.92
B200589! 1/12/98] 21.18 | 5948.99 5938.57
B200589!  2/3/98i 2124 & 5948.93 | 5938.57
B200589!  2/3/98! 1924 = 5950.93 | 5938.57
B200589|  3/4/98] 21.32 | 594885 | 5938.57
B200589] 4/10/98] 17.13 = 5953.04 | 5938.57
B200589!  5/8/98/ 1328 | 5956.89 | 5938.57
B200589  6/5/98] 16.71 | 5953.46 5938.57
B200589 6/16/98] 17.50 | 5952.67 | 5938.57
B200589|  7/8/98] 18.86 @ 5951.31 | | 5938.57
B200889: 1/12/98] 19.16 | 5918.92 5914.98
B200889]  3/4/98/ 19.35 | 5918.73 5914.98
B200889; 4/13/98] 1350 | 5924.58 | 5914.98
B200889!  5/8/98] 8.03 | 5930.05 | 5914.98
B200889]  6/5/98] 10.79 | 5927.29 5914.98
B200889!  7/8/98] 13.44 | 5924.64 5914.98 |
B200889/  8/3/98] 15.07 | 5923.01 5914.98
B200889!  9/3/98| 16.07 | 5922.01 5914.98
B200889] 10/5/98| 17.17 | 5920.91 5914.98 |
B200889] 11/2/98] 17.83 | 5920.25 5914.98
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B200889| 11/2/98! 17.83 | 5920.25 | 5914.98
B200889! 12/7/98) 18.68 | 5919.40 5914.98
‘ B202589! 1/15/98! 3.37 5722.08 5713.85
B206989| 1/12/98| 21.24 | 5863.08 5863.02
B206989| 4/10/98| 22.43 | 5861.89 X 5863.02
B206989 7/1/98) 23.07 | 5861.25 X 5863.02
B206989| 10/6/98) 22.57 | 5861.75 X 5863.02
B208089| 1/13/98] 12.93 | 5924.14 X 5924.17
B208089 2/5/98] 13.06 | 5924.01 X 5924.17
B208089 3/4/98! 13.40 | 5923.67 X 5924.17
B208089! 4/13/98| 8.00 5929.07 5924.17
B208089 5/5/98] 8.29 5928.78 5924.17
B208089 6/2/98| 11.16 | 5925.91 5924.17
B208089 7/4/98| 11.98 | 5925.09 5924.17
B208089 8/4/98| 12.61 5924 46 5924.17
B208089 9/1/98| 12.70 | 5924.37 | 5924 .17
B208089| 10/6/98] 13.15 | 5823.92 ! X 592417
B208089i 11/3/98! 13.48 | 5923.59 | X 5824.17
B2080891 12/3/98/ 13.61 | 5923.46 ! X 5024.17
B208189| 1/13/98) 13.93 | 5923.53 | ' 5911.16
B208289] 1/12/98] 17.04 | 5835.91 X ! 5837.55
B208289]| 4/7/981 17.11 | 583584 X { 5837.55
B208289| 7/1/98| 17.27 | 583568 | X { 5837.55
B208289: 10/6/98| 16.65 | 5836.30 | X . 5837.55
B208589! 1/12/98! 4.00 | 5854.35 | | 5854.35
. B208589! 2/18/98| 4.05 : 5854.30 | X . 5854.35
B208589! 3/11/98! 4.02 . 5854.33 | X i 5854.35
B208589| 4/9/98| 2.87 = 5855.48 ! : 5854.35
B208589! 5/7/98| 3.21 : 5855.14 | : 5854.35
B208589] 6/5/98/ 4.45 | 5853.90 X | 5854.35
B208689!  1/12/98! 1827 . 5851.33 . . 5847.80
B208689 2/18/98! 15.75 | 5853.85 ° , 5847.80
B208789! 1/13/981 3.14 5905.89 | 5898.13
B208789/ 2/19/98] 3.33 5905.70 | 5898.13
B208789]| 4/7/98! 2.60 5006.43 | 5898.13
B208789]| 5/8/98 2.52 | 5906.51 | | 5898.13
B208789| 7/1/98) 4.65 | 5904.38 | 1 5898.13 |
B208789| 10/6/98/ 6.37 | 5902.66 | | 5898.13
B210389| 1/12/98| 24.75 | 585057 X 5852.22
B210389| 2/18/98, 23.96 | 5851.36 | X 5852.22
B210389| 3/11/98) 23.59 | 5851.73 | X 5852.22
B210389 4/9/98| 23.08 | 585224 | 5852.22
B210389 5/6/98, 22.67 | 5852.65 | 5852.22
B210389 6/5/98] 22.11 5853.21 | 5852.22
B210489| 1/12/98| 4.13 5854.58 | 5851.31
B210489| 2/18/98| 4.17 5854.54 5851.31
B210489| 3/11/98] 4.15 5854.56 | 5851.31
B210489 4/7/98] 2.80 5855.91 5851.31
‘ B210489| 5/5/98{ 2.83 } 5855.88 | | 5851.31
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B210489]  6/2/98] 4.93 | 5853.78 | 585131
B210489| 6/17/98] 507 | 5853.64 5851.31
B210489]  7/1/98| 576 | 5852.95 5851.31
B213789| 5/11/98] 856 | 5911.45 X 5913.11
B400389|  1/5/98] 23.07 | 6100.93 6075.00
B400389|  2/4/98| 23.74 | 6100.26 | 6075.00
B400389|  3/2/98 25.28 | 6098.72 | 6075.00
B400389]  4/1/98/ 21.85 | 6102.15 6075.00
B400389]  5/4/98] 16.37 | 6107.63 | 6075.00
B400389]  6/1/98/ 16.75 | 6107.25 | 6075.00
B400389]  7/1/98] 20.05 | 6103.95 | 6075.00
B400389]  8/3/98] 20.23 | 6103.77 6075.00
B400389|  9/1/981 21.22 | 6102.78 | | 6075.00
B400389| 10/5/98] 22.41 @ 6101.59 | 6075.00
B400389/ 11/3/98] 23.33 | 6100.67 6075.00
B400389] 12/1/98] 23.89 | 6100.11 6075.00
B402689)  1/5/98) 4.16  6042.91 | X | 6043.77
B402689  2/4/98) 381 | 6043.26 | X 6043.77
B402689  3/2/98] 445 = 604262 | X 1 6043.77
B4026891  4/1/98] 2.90 604417 | | 6043.77
B402689  4/7/98] 298 ' 6044.09 | 6043.77
B4026891  5/4/98] 311 . 6043.96 | 604377 |
B402689]  6/1/98 390 = 6043.17 | X 6043.77
B402689]  7/1/98] 565 = 6041.42 X 6043.77
B402689]  8/3/98] 563  6041.44 X 604377
B402689|  9/1/98] 6.24 = 6040.83 X . 6043.77
B402689] 10/5/98] 624 = 6040.83 . X 1 6043.77 |
B402689] 11/3/98! 537  6041.70 | X | 604377
B402689  12/1/98] 427  6042.80 | X | 6043.77
B410589!  1/5/98| 5427 . 6059.53 | " 6053.80
B410589!  2/3/98] 5426 | 6059.54 | 6053.80
B4105891  3/2/98) 54.02 | 6059.78 | | 6053.80
B410589] 4/10/98] 54.03 | 6059.77 | | 6053.80
B410589]  5/5/98| 52.66 @ 6061.14 | 6053.80
B410589]  6/1/98] 51.47 | 6062.33 | | 6053.80 |
B410589]  7/2/98| 5057 | 6063.23 | 6053.80
B410589|  8/3/98| 51.08 | 6062.72 6053.80
B410589]  9/1/98] 50.96 @ 6062.84 | 6053.80
B410589] 10/1/98/ 51.07 | 6062.73 17605380 |
B410589| 11/2/98] 51.16 | 6062.64 6053.80
B410589| 12/7/98] 51.74 | 6062.06 6053.80
B410689|  1/5/98] 4400 | 6049.71 6043 61 |
B410689 4/10/98/ 4366 | 6050.05 | 604361
B410689| 10/1/98] 40.18 | 6053.53 6043.61
B410789|  1/8/98| 37.52 | 6046.14 6038 66
B410789] 4/10/98| 37.12 | 6046.54 6038.66
B410789] 10/1/98| 34.05 | 6049.61 6038.66
B411289|  1/7/98| 63.92 | 6063.38 6058.90
B411289|  2/4/98] 63.66 | 6063.64 | 6058.90
A-35

RF/RMRS-99-433.UN

1998WLs
Sheett



DRAFT RF/RMRS-99-433.UN
Appendix A

B411289]  3/2/98] 63.66 | 6063.64 | 6058.90
‘ B411289| 4/10/98| 63.59 | 6063.71 6058.90
B411289 5/5/98| 63.16 | 6064.14 6058.90
B411289 6/1/198] 6273 | 6064.57 6058.90
B411289 7/1/98| 62.13 | 6065.17 6058.90
B411289 8/3/98| 61.65 | 6065.65 6058.90
B411289]  9/3/98| 60.95 | 6066.35 6058.90
B411289| 10/1/98] 60.81 | 6066.49 6058.90
B411289] 11/2/98| 60.43 | 6066.87 6058.90
B411289| 12/7/98] 60.35 | 6066.95 6058.90
B411389 2/3/98| 5563 | 6055.43 | 6047.56
| P114389 1/6/98| 6.88 . 5986.29 | 5978.67
P114389 2/5/198] 6.75 | 5986.42 | 5978.67
P114389 3/5/98| 7.30 | 5985.87 | 5978.67
P114389 4/7/98] 596 | 5987.21 | 5978.67
P114389 5/5/98] 6.00 | 5987.17 | 5978.67
P1143891  6/3/98/ 667 . 5986.50 | | 5978.67
 P114389]  7/1/98] 7.28 = 5985.89 | | 5978.67
P114389]  8/4/98/ 7.22 = 5985.95 | | 5978.67
P114389 9/8/98/ 7.60 = 5985.57 | 5978.67
| P114389] 10/5/98 7.78 . 598539 | | 5978.67
P114389] 11/5/98] 7.33  5985.84 - 5978.67
P114389] 12/2/98! 7.51  5985.66 ! - 5978.67

~ P114489] 1/13/98] 12.73 | 6022.70 | | 5986.63
 P114489|  4/8/981 835 = 6027.08 | . 5986.63
‘ P114489] 10/5/981 14.03 | 6021.40 | . 5986.63
P114589] 1/13/98 506 . 6020.84 | 5989.40
P114589]  4/8/981 262 @ 6023.28 | | 5989.40

~ P114589] 10/5/98 7.20 : 6018.70 ' 5989.40
P1146891  1/7/98] 1051 = 5995.25 | | 5983.56
P114689]  4/8/98' 7.88 . 5997.88 !  5083.56
P114689| 9/17/98' 12.53 | 5993.23 ! | 5983.56
P114689/ 10/5/981 13.34 ! 5992.42 | ' 5983.56
P114789]  1/7/98] 9.66 . 6002.74 | 5986.20
P114789|  4/8/98] 7.91 . 6004.49 | 5986.20
| P114789] 9/17/98! 10.08 | 6002.32 | 5986.20
' P114789] 10/5/98/ 10.22 | 6002.18 | | 5986.20
P114889/  1/7/98] 7.10 . 6011.16 | 6003.96

|~ P114889] 3/11/98] 7.14 | 6011.12 | 6003.96 |
P114889)  4/8/98] 6.42 | 6011.84 | 6003.96
P114889]  5/5/98] 6.15 | 6012.11 | isooz.g‘(ﬂ
P114889]  6/3/98] 478 | 6013.48 | | 6003.96
P114889] 6/18/98] 4.78 | 6013.48 | 6003.96
P114889 7/8/981 4.93 | 6013.33 | 6003.96
P114889| 9/17/981 5.33 | 6012.93 | 6003.96
P114989/  1/6/98] 13.36 | 6018.48 ' 5993.84
P114989 4/8/98| 14.47 | 6017.37 | 5993.84
P114989| 9/17/98] 12.50 | 6019.34 | 5993.84
‘ P114989 10/5/981 12.53 | 6019.31 | 5993.84
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P115089]  1/6/98] 13.95 | 6026.15 5999.40
P115089]  2/5/98| 13.90 | 6026.20 5999.40
P115089]  3/2/98] 14.80 | 6025.30 5999.40
P115089]  4/8/98] 9.94 | 6030.16 5999 40
P115089]  5/5/98] 863 | 6031.47 5999.40
P115089|  6/3/98] 10.63 | 6029.47 5999 40
P115089]  7/8/98] 12.73 | 6027.37 5999.40
P115089|  8/4/98] 13.36 | 6026.74 5999.40
P115089|  9/8/98] 14.24 | 6025.86 5999.40
P115089| 9/17/98] 14.68 | 6025.42 5999.40
P115089| 10/5/98] 15.32 | 6024.78 5999.40
P115089] 11/5/98) 16.31 | 6023.79 5999.40
P115089 12/2/98] 16.12 | 6023.98 5999.40
P115489] 1/16/98] 9.49 | 6015.61 5998.60
P115489] - 3/11/98] 10.35 | 6014.75 5998.60
P115489]  4/8/98] 7.15 | 6017.95 | 5998.60
P115489] 5/5/98] 662 | 6018.48 | 5998.60
P115489]  6/3/98] 7.59 | 6017.51 | 5998.60
P115489] 6/18/98] 7.98 | 6017.12 ' 5998.60
P115489|  7/8/98] 874 | 6016.36 | | 5998.60
P115489] 9/17/98] 10.10 | 6015.00 | 5998.60 |
P115489] 9/17/981 10.10 | 6015.00 | '5998.60
P115589]  1/7/98] 648 @ 6009.29 | | 5986.27
P1155891  4/8/98] 420 & 6011.57 ! | 5986.27 |
P115589) 9/17/98] 7.67 . 6008.10 | | 5986.27 |
P115589 10/5/98] 821 = 6007.56 | | 5986.27
P1156891  1/7/98] 1040 | 599831 | | 5988.51
P115689  4/8/98] 582  6002.89 | | 5988.51
P115689 9/17/98] 12.56 ; 5996.15 | 5988 51
P115689| 10/5/98] 12.80 ; 5995.91 5988 51
P1193891  1/7/98] 424  6008.94 | | 5996.28
P119389!  2/5/98] 450 6008.68 |  5996.28
P119389]  3/3/98] 4.99 | 6008.19 | | 599628 |
" P119389]  4/2/98] 4.95 | 6008.23 5996.28
P119389| 5/6/98] 564 | 6007.54 599628
P119389] 6/2/98] 4.81 | 6008.37 | 5996.28
P119389] 6/17/98] 4.04 | 6009.14 | | 5996.28 |
P119389]  7/7/98] 4.91 | 6008.27 | " 5996.28
P207389] 1/12/98] 6.76 | 5976.01 5967.57
P207689|  1/7/98] 8.03 | 5959.85 5954.78
P207689|  4/2/98] 5.80 | 5962.08 5954.78
P207689! 10/7/98] 10.62 | 5957.26 5954.78
P207789]  1/7/98| 25.71 | 5942.04 5940.45
P207889]  1/6/98] 6.12 | 5958.78 | 5957.20
P207889| 2/11/98] 597 | 5958.93 5957.20
P207889]  4/2/98| 3.93 | 5960.97 | ' 5957.20
P207889] 10/7/98] 10.11 | 5954.79 X | 5957.20
P207989|  1/6/98] 20.64 | 5044.53 X 5944.67
P207989] 2/10/98] 25.34 | 5939.83 X 5944.67
A-37

RF/RMRS-99-433.UN

1993WLs
Sheett




DRAFT
Appendix A

A

P207989] 2/11/98] 18.85 | 5946.32 5944.67 |
P208889| 2/11/98| 93.08 | 5856.17 5852.35
P208989| 2/11/98] 17.41 | 5947.15 | 5939.76
P208989|  3/11/98| 17.52 | 5947.04 | 5939.76
P208989]  4/8/98| 13.00 | 5951.56 | 5939.76
P208989|  5/6/98| 12.00 | 5952.56 5939.76
P208989]  6/4/98] 14.34 | 5950.22 5939.76
P209089| 2/11/98] 24.55 | 5949.70 | 5948.25
P209189| 2/16/98] 13.51 | 5968.70 5947.21
P209289]  1/6/98] 14.73 | 5968.69 X 1 5970.72 |
P209289|  4/2/98] 13.63 | 5969.79 | X | 5970.72
P209289|  7/7/98] 15.04 i 5968.38 | X - 5970.72
P209289|  10/7/98] 14.75 | 5968.67 | X | 5970.72
P209389| 1/12/98] 19.07 ' 5964.32 ' 5954.59
P209389]  4/2/98] 16.88 @ 5966.51 | | 5954.59
P209389|  7/7/98] 18.46 i 5964.93 | | 5954.59
~ P209389!  10/7/98] 18.96 = 5964.43 | | 5954.59
P209489!  2/16/98] 29.27 = 5950.83 | - 5945.10
P209489]  4/8/98! 27.05  5953.05 | - 5945.10 |
~ P209489]  7/7/98] 28.73 . 5951.37 | . 5945.10
P2094891  10/7/98] 29.26 = 5950.84 | - 5945.10 |
~ P209589 2/11/98] 2017 5929.87 X 593154
P209689]  1/7/98] 24.68  5939.75 | 5937.73
 P209789]  1/7/98] 872  5956.22 | | 5952.44
P209789/ 2/10/98| 8.81  5956.13 | ' 5952.44 |
~ P2097891  4/2/98] 4.34  5960.60 1 5952.44
P209789! 10/7/98] 11.81  5953.13 | - 5952.44
P209889! 2/11/98] 565  5936.75 - 5924.10 |
~ P209889i 6/17/98] 4.93  5937.47 - 5924.10
~ P209889  7/7/98] 539  5937.01 592410 |
~ P209889]  7/7/98] 5.39  5937.01 592410
P2100891 1/13/98] 20.40 = 5880.00 |  5878.90
~ P210089 2/19/98] 19.23  5881.17 | | 5878.90
 P210089] 3/11/98] 18.90 588150 |  5878.90 |
P210089]  4/9/98] 15.81 = 5884.59 | '~ 5878.90
P2100891  5/6/98 11.91 | 5888.49 | 5878.90 |
P2100891  6/5/98] 18.51 | 5881.89 | 5878.90
P210189] 2/16/98] 14.50 = 5967.98 | 5946.38
P2136891 1/13/98] 9.42  5986.62 - 5982.54
P2136891  3/11/98] 9.78 | 5986.26 | 5982.54
P213689|  4/8/98] 8.69 . 5987.35 | 5982.54
P213689|  5/7/98| 817 | 5987.87 | 5982.54
P213689]  6/3/98] 7.66 = 5988.38 | | 5982.54
P213689] 6/18/98] 8.08 = 5987.96 | | 5982.54
P213689]  7/8/98] 8.73 | 5987.31 | | 5982.54 |
P213989| 1/13/98 | | DRY | 594948 |
P215789] 1/13/98] 923 | 5994.43 | | 5985.16
P215789]  4/8/98] 14.23 | 5989.43 | | 5985.16
P2157891  10/5/98] 16.46 | 5987.20 | | 5985.16
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P218089]  1/7/98] 555 | 5982.00 5980.15
P218089]  4/2/98| 4.12 | 5983.43 5980.15 .
P218089/ 10/7/98] 5.85 | 5981.70 5980.15
P218289 1/6/98] 9.42 | 6008.78 5994.70
P218289 4/8/98] 4.98 | 6013.22 5994.70
P218289| 9/17/98] 9.92 | 6008.28 5994.70
P218289! 10/6/98] 10.46 | 6007.74 5994.70
P218389 1/7198] 14.44 | 5944.01 X 5945.95
P218389 2/5/98] 14.75 | 5943.70 X 5945.95
P218389] 2/16/98| 14.80 | 5943.65 X 5945.95
P218389 3/3/98] 14.80 | 5943.65 X 5945.95
P218389] 3/11/98] 14.84 | 5943.61 X 5945 .95
P218389]  4/2/98] 865 | 5949.80 5945.95
P218389 5/6/98| 7.24 | 5951.21 | 5945.95
P218389 6/4/98] 10.17 | 5948.28 5945.95 |
P218389 7/7/98| 12.77 | 5945.68 X 5945.95
P218389 8/5/98] 10.18 | 594827 5945.95
P218389 9/2/98] 14.32 | 5944.13 | X | 5945.95
P218389| 10/7/98] 14.77 @ 5943.68 | X | 5945.95
P2183891 11/2/98] 14.84 | 5943.61 X 5945.95
P218389] 12/1/98 DRY | 5945095
P2191891  1/5/98] 12.40 ! 5930.75 | X | 5931.65
P219189 2/5/98] 13.45 | 5929.70 X | 5931.65
P219189 3/3/98| 13.14 | 5930.01 X | 5931.65
P219189]  4/8/98/ 12.66 | 5930.49 | X ' 5931.65
P219189)  5/6/98! 11.87 | 5931.28 | X ' 593165
P219189 6/2/98] 11.41 | 5931.74 | | 5931.65
P219189 7/7/98] 13.47 ' 592968 | X | 5931.65
P219189|  8/5/98] 13.04 ' 5930.11 | X | 5931.65 |
P219189 9/2/98 12.58 | 5930.57 | X | 5931.65
P219189/ 10/7/981 12.01 | 5931.14 | X 5931.65
P219189! 11/2/98| 12.00 | 5931.15 | X . 5931.65
P219189! 12/1/98] 1342 ' 5929.73 | X 5931.65
P219489|  1/6/98] 23.35 | 5937.80 | X | 5938.25 |
P219489]  4/2/98| 23.74 | 5937.41 X 5938.25
P219489 7/7/98] 24.42 | 5936.73 X 5938.25
P219489| 10/7/98] 22.93 | 5938.22 X 5938.25
P219589] 2/16/98] 27.43 | 5938.27 X 5940.00
P219589| 3/11/98] 27.28 | 5938.42 X 5940.00
P219589 4/8/98| 27.00 | 5938.70 X 5940.00
P219589 5/6/98] 26.64 | 5939.06 X 5940.00
P219589 6/5/98| 26.28 | 5939.42 X 5940.00
P313489 1/6/98] 14.69 | 5998.89 5992.48
P313489 4/8/98] 9.26 | 6004.32 5992.48 |
P313489| 9/17/98] 1553 | 5998.05 5992.48
P313489| 10/6/98/ 15.89 | 5997.69 500248
P313589 1/6/98! 9.39 | 6000.72 5997.61
P313589 2/5/98] 955 | 6000.56 5997.61
P313589 3/5/98] 10.15 | 5999.96 5997.61
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P313589| 4/2/98] 7.14 | 6002.97 5997.61
‘ P313589] 5/5/98] 7.52 | 6002.59 5997.61
P313589] 6/3/98] 8.04 | 6002.07 5997.61
P313589] 7/8/98| 8.45 | 6001.66 5997.61
P313589| 8/4/98| 8.08 | 6002.03 5997 .61
P313589/  9/8/98] 8.55 | 6001.56 5997.61
P313589] 10/6/98] 8.94 | 6001.17 5997.61
P313589] 11/5/98] 9.34 | 6000.77 | _ 5997.61
P313589] 12/1/98] 9.41 = 6000.70 5997 61
P314289 1/6/98| 13.45 | 5998.32 5998.27
P314289| 2/5/98/ 13.89 | 5997.88 X 5998.27
P314289]  3/5/98] 16.41 | 5995.36 X 599827
P314289]  4/2/98] 1503 | 5996.74 X 5998.27
P314289]  5/5/98/ 1319 | 5998.58 5998.27
P314289  6/3/98] 1269 | 5999.08 5998.27
P314289]  7/8/98] 12.95 | 5998.82 5998.27
P314289  8/4/98] 1429 | 5997.48 X 5998.27
P3142891  9/8/98] 12.77 | 5999.00 ' 5998.27
P314289. 9/17/98 12.81 ' 5998.96 - ' 5998.27
P314289] 10/6/98] 12.86 @ 5998.91 599827
" P314289 11/4/98] 13.43 = 5998.34 | - 5998.27
" P314289] 12/1/98| 13.78 | 5997.99 | X " 5998.27
© P3179891  1/7/98! 6.42 = 5986.42 - 5985.34
P317989]  4/7/98] 3.62 @ 5989.22 | 5985.34
P317989/ 10/6/98/ 7.84 598500 | X - 5985.34
‘ P320089/  1/6/98/ 14.41 = 5997.46 | - 1 5993.07
P320089  4/8/98] 9.99 = 6001.88 | | 5993.07
P320089 9/17/981 1520 | 5996.67 - 5993.07
P320089] 10/5/98| 1550 = 5996.37 ' 5993.07
P414189]  1/6/98] 8.81 | 6003.37 |  5993.68
P414189  4/8/98! 509 = 6007.09 | - 5993.68
P4141891 9/17/981 11.09 ' 6001.09 | . 5993.68
P414189. 10/6/981 12.15 & 6000.03 ! ' 5993.68
P415889)  1/6/98] 13.23 | 6039.37 | 6009.40
P415889]  2/5/98] 13.33 | 6039.27 6009.40
P415889  3/5/98/ 1515 | 6037.45 6009.40
| P415889]  4/8/98| 10.63 | 6041.97 6009.40
P415889]  5/5/98] 9.64 = 6042.96 - 6009.40
P415889]  6/3/98, 10.90 @ 6041.70 6009.40
P415889 6/16/98) 1121 | 6041.39 6009.40
P415889  7/8/98] 13.09 | 6039.51 6009.40
P415889] 9/17/98] 1556 | 6037.04 6009.40
P415089!  1/6/98] 556 | 6041.15 6020.01
P415989  4/8/98] 2.94 | 6043.77 6020.01
P415089] 9/17/98] 8.45 | 6038.26 6020.01
P415989) 10/5/98] 9.61 | 6037.10 6020.01
P416089 1/6/98| 6.48 | 6047.47 | 6019.95
P416089] 2/5/98] 3.60 | 6050.35 6019.95
‘ P416089]  3/5/98' 1023 | 6043.72 6019.95
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P416089 4/8/98| 3.84 | 6050.11 | 6019.95
P416089 5/5/98| 3.86 6050.09 6019.95
P416089 6/3/98| 5.45 6048.50 6019.95
P416089| 7/8/98! 8.86 6045.09 6019.95
P416089 8/4/98| 7.76 6046.19 6019.95
P416089 9/8/98| 10.73 | 6043.22 6019.95
P416089] 9/17/98| 11.53 | 6042.42 6019.95
P416089| 10/5/98] 12.42 | 6041.53 6019.95
P416089| 11/4/98/ 14.03 | 6039.92 6019.95
P416089; 12/1/98! 11.88 | 6042.07 6019.95
P416189 1/6/98| 7.90 6040.05 | 6018.25
P416189 4/8/98| 522 | 6042.73 | 6018.25
P416189, 9/17/98! 11.66 ! 6036.29 6018.25
P416189| 10/5/98] 13.18 | 6034.77 6018.25
P416289 1/6/98! 13.44 | 6026.78 | | 6016.72
P416289 4/2/98/ 11.64 | 6028.58 6016.72
P416289| 9/17/98! 15.07 | 6025.15 6016.72
P416289] 10/5/98! 15.98 . 6024.24 6016.72
P416389] 1/6/981 13.23 | 6043.91 | 6027.04
P416389 4/8/98! 515 | 6051.99 6027.04
P416389| 9/17/98! 16.67 . 6040.47 6027.04
P416389! 10/5/98 18.00 ! 6039.14 | | 6027.04
P416489| 1/6/98) 14.57 ' 6035.58 | | 6024.45
P416489 2/5/98| 14.82 @ 6035.33 6024.45
P416489 3/5/98! 17.54 . 6032.61 | | 6024.45
P416489 4/8/981 9.22 6040.93 | ' 6024.45
P416489 5/5/98! 852 - 6041.63 | 6024.45
P416489 6/3/98; 11.91 = 6038.24 | 6024.45
P416489 7/8/98! 16.60 : 6033.55 : 6024.45
P416489 8/4/98! 17.65  6032.50 | | 6024.45
P416489| 9/3/98' 18.41 = 6031.74 | i 6024.45
P416489| 9/17/98/ 19.37  6030.78 | 6024.45
P4164891 10/5/98! 20.44 | 6029.71 i 6024.45
P416489] 11/4/98/ 22.10 . 6028.05 | ; 6024.45
P416489| 12/1/98! 20.20 | 6029.95 | 6024.45
P416589 1/6/98| 26.04 | 6016.77 6011.81
P416589| 3/12/98| 27.46 | 6015.35 | 6011.81
P416589 4/2/98| 24.92 @ 6017.89 | 6011.81
P416589 5/5/98| 21.50 | 6021.31 6011.81
P416589 6/3/98] 23.80 | 6019.01 6011.81
P416589| 6/16/98] 24.64 | 6018.17 6011.81
P416589| 7/8/98| 26.40 | 6016.41 6011.81
P416589! 9/17/98] 27.53 | 6015.28 6011.81
P416683| 1/6/98! 29.06 : 6007.49 | 6004.05
P416689 2/5/98] 29.16 | 6007.39 | 6004.05
P416689 3/5/98| 29.57 = 6006.98 | 6004.05
P416689 4/2/98| 18.44 | 6018.11 6004.05
P416689 5/5/98| 27.87 | 6008.68 6004.05
P416689/ 6/3/98/ 28.06 | 6008.49 | 6004.05
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P416689]  7/8/98] 29.03 | 6007.52 6004.05
. P416689|  8/4/98] 29.12 | 6007.43 6004.05
P416689;  9/3/98| 29.18 | 6007.37 6004.05
P416689] 9/17/98| 29.36 | 6007.19 6004.05
P416689] 10/5/98| 29.52 | 6007.03 6004.05
P416689| 11/4/98] 32.86 | 6003.69 X | 6004.05
P416689 12/1/98| 30.31 | 6006.24 _ 6004.05
P416789]  1/6/98] 27.07 | 6002.20 | X - 6002.37
P416789]  2/5/98] 27.21 = 6002.06 X 6002.37
P416789|  3/5/98] 27.62 | 6001.65 X | 6002.37
P416789]  4/2/98] 23.54 | 6005.73 | 6002.37
P416789]  5/5/98] 23.43 @ 6005.84 | 6002.37
P416789]  6/3/98| 25.56 @ 6003.71 6002.37
P416789]  7/8/98| 26.91 | 6002.36 X 6002.37
P416789]  8/4/98| 2665 @ 6002.62 | 6002.37
P416789]  9/8/98| 27.36 | 6001.91 | X 6002.37
P416789] 9/17/98/ 27.51 | 6001.76 | X | 6002.37
P416789/ 10/5/98] 27.69 = 6001.58 X | 6002.37
P416789/ 11/4/98] 29.67 @ 5999.60 X 6002.37
P4167891 12/1/98] 27.21 © 6002.06 X | 6002.37
P416889)  1/6/98] 17.86 | 6000.93 ' 5998.49
P416889!  2/5/98] 18.00 = 6000.79 ' 5098.49
P416889!  3/5/98| 18.47  6000.32 | - 5998.49
P4168891  4/2/98] 14.60 | 6004.19 | ' 5998.49
P416889i  5/5/98| 1412 = 6004.67 ' 5998.49
‘ P416889,  6/3/98] 16.48 | 6002.31 & ~ 5998.49 |
P416889  7/8/98| 17.76 | 6001.03 5998.49
P416889)  8/4/98/ 17.46 = 6001.33 5998.49
P416889]  9/8/98] 18.35 : 6000.44 ' 5998.49
P416889/ 10/5/98] 18.62 = 6000.17 ' 5998.49
P416889! 11/4/98] 18.66 . 6000.13 .  5998.49
P4168891 12/1/98| 18.11  6000.68 ~ 5998.49
P416989!  1/7/98| 39.39 | 6008.16 - 5891.95
P416989  4/8/98] 39.11 | 6008.44  5891.95
P416989/ 10/5/98| 39.15 | 6008.40 | | 5891.95
P419689]  1/6/98] 19.20 | 6004.22 | | 5999.92
P419689|  4/8/98] 13.89 | 6009.53 | ' 5999.92
P419689| 9/17/98] 19.65 & 6003.77 | - 5999.92
P419689] 10/5/98] 20.14 | 6003.28 | | 5999.92
TH19! 1/12/98| 39.79 | 6006.78 | | 5967.57
TH19]  2/4/98] 39.90 | 6006.67 | | 5967.57
| TH19|  3/4/98] 40.40 | 6006.17 5967.57
TH21'  1/12/98] 3577 | 6003.59 5960.36
TH21|  2/4/98] 35.95 | 6003.41 | 5960.36
TH21/  3/4/98] 36.35 | 6003.01 - 5960.36
TH-21'  5/8/98] 25.36 | 6014.00 | | 5960.36
A-42 jre
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Appendix C.1

1998 Borehole Logs



.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.1A (REV. 2

ROCKY FLATS PLANT BOREHOLE LOG PAGE ) OF Z_
Borenole Number: __ Q0193 Suriace Ejevation:
Location - North: East: Area: 905 PAD Jgvyans TP
Date: _2/12 [9¢ Total Depth: _t%.C
Geologist: oy Cox /Zans To7e Company: 1T CORP Project No.:
Drilling Equip.: Sevars2e- = cenlinvgns Sampie Type: £Leabnuus
EG&G LOGGING SUPERVISOR
APPROVAL DATE
z 1 _lgz 2 Y o w8l z g
Q < 4 = = Q
cfx|c, SI9ga3  Fg [ Ry | E31231¢C8 | z& (298¢
30 §°§§§5§ HEE ég gé 53| E¥ 3%_ SAMPLE DESCRIPTION
r~ - li"' g =] P
O lo Y Vp/AC=C. 257 CrAYEY OWT W/ SAND
5 ,Vg FOK. GRAY (19 YR 3/)) Semp GRANTIC
V) / FEﬁ 8LED Mom) VQ/ C‘)KA%,RDW’S/ s 62M
ol —'/ C_«"-?ﬁ"“‘ C"S' QRAVE L
A\ e e,
— S }, LAYEY SiLT W/SAND A5 ARWE. MDIST
= \O ) 7 ,f 6.s—-2.C CLAVEY 511._'(', Y. DK. é)EﬂYlﬁ'ﬂ
n BRown (o vg 3/&) SHME SAND AoD
51N ~ 7 GRARTIL PEBRBLES ST BINGULARTD Sud
{)/_ |z RouwpED, *C IS SovT
Lo} - "J Z C/ -+ 4 / ~
.y P ‘ e q.C >
PN e 4c e ﬁécu)\/é?-y
\ r"“aL -
c - -~
<
— . — 4 ’
~ . £ Fe SO0 ¢ RELVED
o Ly -
<IN 3 L — CoLE  Slicr W BARREL .
<P J
Rl 2| & -
Nyl 5 AL (Pa SSIBLE  LCISTRCT o THIS
LN _7 et N
MR INTERVAL CLAYEY ST AT .5~
O L 5L 15 PessBLy sieugt) 53
e IR =
4 — ~ §F) 5 - oeugh
- -~ 7;‘ 3 ST COYEY SILT v, De BZewn
" P lir{ YR 2/2)BemE V- F SAvD, GRANITIC
RN —] — VEBBLES, 50 ALGUAL, Ho(sT, SOFT
2| G ?.(‘,_. -1C.3 — LALcHE 'LEI\:") AT CarTRLT Wirgpy
&l n — - oF eEokock CEEEIRE e Yoo
‘ == {10V b/¢ ) ¥. METTLED, w / Ak, XY, HAZD
NOTES. General USCS is modified for this log as follows:
Matenais amounts are estimated by % volume instead of % weight.
{1) Badly broxen core. acturate jootage measurements Not DOSSIDIE.
(2) Core breaks cannot be matched. accurate footage measurements not possible.

(301 1-930-0) 34.930% Form GT.IANOVOI/V2)

R b



{.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.1A (REV.

2)

Q

ROCKY FLATS PLANT BOREHOLE LOG PAGE Z_OF _&
Borehole Number: ool Rad ol Surtace Elevation:
Location - North: East: Area: 103 PAR /2y AN '~ PiT
Date: ___3/12/9& Total Depth: _1%.€~ 294115
Geologrst,- Yy, (ex /2. Toute, Company: IT CeiRi® Project No
Drilling Equip.: sz‘car che Sampie Type: _coatinyous
EG&G LOGGING SUPERVISOR
APPROVAL DATE
3 1 _|#z Z w - & o
Sy, if 28RSl us ity e |82 s | o LB
553|3sc|oiad) 1T\ o5 | 5422058 | ¢ (338 SAMPLE DESCRIPTION
N I R IR - I - I B
— =) e
gﬂ 2w , \/\ TV ke .0-10 5 Swy :‘uANOZL a/z»(y vYE T/,). FINE
&'ﬁ 2.9 . TVTY Su3Cunped Tv evwiED. Y- Poo Y CEMEMNTED.
lol! C3d > 1990 N No voCs:
"’j' jLelices < g Lo 5% — DILTSTONE | YELLbwIs Rrown (o ygsﬁ)
(\‘) 1 ' '.V/NLOM\?Z?J Lron T ANO HANG S N/TI. STARDING
X ,
"g} cr| > . ] 4:*»:.’*’““’*'5"’:":‘% vy - )
nz v e 32.1].8 7% SILTSTONG |, YELLOWISH BEowiv
22— N ] (v 9A3%)
I TN o5 SANDSTOLE TTEAPRME)—
5\1 — . .| PAE Beoww Lo y2 )| FINE , SuRZIUN D
0 To Zoum) SiLly NOT WELL (EMENTED
15 e UMO NI STA, UG | Fepiemtroey—oRRALD.
Lﬂ —— FNE w:D_é
. - _ HS‘*WG" GRAVEL .
*\ 4-C/ !.1I’ZA iy - /!‘}'(p 5/—5‘ .
Q c\;«“f “Q{\‘; o | L mrge” e 27 / > ST STVRE w/a'ply Bmwlﬁt‘\ /g_ya,v
(\! D1 a f)w o e ' (?D “R (’/e> SoME SAND, FING GLAKED, Hﬂﬁ)*ﬁr
~ (4138 NS = Tl 4 1SB-i5.H MED GRAVEL LLN5 IMBEIOED
615 cli33%|on e o N SILTSTONE MATEIX.
0N Ea\; . ’5'_1__,‘" g - SicTSTowE As ABOVE
2 - e 15 =R - 0 BE(SVERY CoRE
‘if . __w__’”“‘ STvet S BARKEL.
Nl S ) s
I o N |
A3 . v THE SITSPoNE WE ARE GETTIAG
m . -4
2 i, A o7 MOZE “FHAN (0C b BECOVEEY,
P:l -] ? o r? — [ Lo
3 PR -
an s
18.D1 .0 | 4% " T
TO $18.0) TD =/(5.C
S Siimoe” o
e e oLE,
— Ryr e EvENT # e es
33 ¢y - _ o Voe-
e —— qe“l'q --coo‘% ts
NOU comPLeTED As A WCLL‘*
NOTES: General: USCS is moatfied for tnis iog as foflows:
Materiais amounts are estimated by % volume instead of % weraht.
{1) Badiy broken core. accurate tootage measurements not possible.
{2) Core preaks cannot be matcnea, accurate footage measurements not possioie.

1201 1-930-01 34-930¥% Form GT.IAXOV01/92)

Ve
3T B0



:.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2)

ROCKY FLATS PLANT BOREHOLE LOG Page _1 oF &
Borehole Number: —Cf ‘(8# Surface Elevation:
Location - North: East: Area: 903 PAR [ RYKAN'S T
J Date: 2/¢2/95 Total Depth: Mz . © ‘
Geoiogist: D.lex ,/ijic\ Company: (T__(o&?P Project No.:)?f-_//(f )
Drilling Equip.; C/&o?f‘r}«.- Sampie Type: Cnthinvous -
EG&G LOGGING SUPERVISOR
APPROVAL DATE
é&sé E§§9§ FAETREL §§ 03| Iz |58
goa|gssisenl) §5 103 | BT z2 |88 | £ |3g¢8 SAMPLE DESCRIPTION
56%18 Figz gl sz (& 2718 | " ¢© s
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- /1 (o Y& ) med. pabbles ﬂbramﬁ
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— H adbl | subrownid ot 2.9 msist
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. NCTES: General: USCS is modaified for this iog as foliows: '
Matenais amounts are esumated by % volume instead of % weight.

(1) Badly broken core. accurate tootage measurements not possidle.

(2) Core preaks canno! be matcnea. accurate footage measurements not possible.
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.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.IA (REV. 2

ROCKY FLATS PLANT BOREHOLE LOG PAGE = OF £
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‘ NOTES: General: USCS is moaified for this iog as follows:
» Matenais amounts are estmated by % volume instead of % weight.
(1) Badiy broken core. accurate lootage measurements not possiole.
(2} Core preaxs cannot be maiched. accurate footage measurements not possidie.
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:.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2

N4

ROCKY FLATS PLANT BOREHOLE LOG PAGE _1_oF Z_
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NOTES: General: USCS is moatfied for this iog as follows: ‘
‘ Materials amounis are esumatec by % volume insiead of % weignt.
(1) Badly broken core, accurate footage measurements not possible.
(2) Core oreaxs cannot be matcheq, accurate footage measurements not possible.
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S, DEPARTMENT OF ENERGY ROCKY FLATS PLANT

FORM GT.1A (REV. 2

ROCKY FLATS PLANT BOREHOLE LOG

PAGE 2 or 2

Borehoie Number: 0029 8 Surtace Elevation:

Location - North: __ East: Area: (o3 PADEYAN PIT P LVME ,
Date: ‘ﬁ‘l§7€3 Total Deptn: 1 2.5
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NOTES: General: USCS is moarhed for this iog as follows:

Materiais amounts are esumated by % volume tnsteaa ot % weight.
(1) Badly broxen ccre. accurate 100tage measurements not possinie.
(2) Core preaks cannot be malcnec. accurate footage measurements not passIvIe.
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11.5. DEPARTMENT OF ENERGY ROCKY FLATS PLANT

LY

-

FORM GT.l1A (REV.

ROCKY FLATS PLANT BOREHOLE LOG

FAGE _(_OF &

NOTES: General: USCS is moatfied for this log as tollows:

Matenais amounis are esumated by % volume instead o! % wegnt.
(1) Badly broken core. accurate tootage measurements not possioie.
(2) Core preaks canno! be matcheg. accurate footage measurements not pessivie.
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:.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV. 2

ROCKY FLATS PLANT BOREHOLE LOG PAGE 2 OF Z_
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Date: 3/23/4% Total Deptn: __le-Z
Geologist: __Fm (ok Company: 17 Project No.:
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‘ NOTES: General: USCS is moaified for this log as follows:
e Matenais amounts are esumared by % voiume instead ot % weignt.

(1) Badly broken core, accurate 1001aQe measurements not possible.
(2) Core preaks cannot oe matchea. accurate 10otage measurements not possivie.
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{.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.tA (REV. 2)
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NOTES: Generat: USCS is modified for tnis iog as foliows:

‘ Materiais amounts are essmated by % volume instead of % weight.

{1) Badly broken care, accurate footage measurements not possidle.

(2} Core preaks cannot be matched, accurate footage measurements not possibie.
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{.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REV, 2)
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ROCKY FLATS PLANT BOREHOLE LOG PaGE L oF_Z
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‘ NOTES: Generat: USCS is mouaified for this iog as follows:
: Materiais amounts are esumated by % volume instead of % weight.

(1) Badly broken core. accurate 1ootage measurements not possibie.
(2) Core preaks cannot be matched, accurate footage measurements not possible.
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U.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.IA (REV. 2

ROCKY FLATS PLANT BOREHOLE LOG PaceE L_oF <
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‘ NOTES: General: USCS is moaifieo for tis log as follows:
A Matenais amounts are esumated by % volume instead of % weight.

(1) Badly broxen core. accurate 100tage measurements not Dossidie.
(2) Core preaks cannot e matchea, accurate footage measurements not possibie.
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.S. DEPARTMENT OF ENERGY ROCKY FLATS PLANT FORM GT.1A (REY. 2

ROCKY FLATS PLANT BOREHOLE LOG PAGE Z_0oF &
Borenole Numper: ___OD> 4 9 Surtace Elevation:
Location - North: East: Area: _weee<TC3 Prp Haiis PIT 1L pwE
. Date: _r/G R Total Depth: _2C:¢
Geologist: __ 74 £y Company: __ T ty2 ¥ Project No.:
Drilling Equip. SeepiTiire. Sampie Type: cortimu cis
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